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ABSTRACT 


A  hvnnan  Drs  avaliaation  of  the  M60  tank  was  conducted  by  the  Arraor 
Hunan  Research  Unit  through  observation  of  crew  performance,  interviews  with 
tank  crewmen,  and  measurement  of  layout  of  crew  work  space.  Design  deficiencies 
which  would  reduce  operational  effectiveness  were  fomd  in  each  of  the  four  crew 
positions.  The  findings  were  submitted  to  Continents!.  Army  Command  and  to 
Ordnance  Tank-Automotive  Command  for  review.  Approved  changes  will  be  reflected 
in  future  production  of  the  M60  series  tanks. 
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Human  Factors  Evaluation  of  the  Tank,  Combat,  Full  Tracked,  105-41M  Gun,  M60 

INTRODUCTION 

The  primary  measiare  of  a  weapon  system's  value  is  its  operational  effec¬ 
tiveness  in  a  combat  application.  An  important  factor  in  achieving  operational 
effectiveness  is  the  degi'ee  to  which  the  human  operator  is  integratod  into 
the  relevant  components  of  the  system.  Component  characteristics  which 
violate  the  requirements  for  efficient  operation  of  the  system  (by  humans) 
compromise  the  operational  capabilities  of  the  entire  system. 

Recognizing  these  facts.  Continental  Amqr  Command^  advised  the  US  Army 
Armor  Center  to  consult  with  the  US  Army  Armor  Human  Research  Unit  in  conduct¬ 
ing  the  troop  evaluation  of  the  M60,  105-MM  Gun  Tank,  The  Armor  Center  there¬ 
fore  requested  the  Unit  to  participate,^  The  purpose  of  this  part  of  the 
evaluation  was  to  determine  human  factors  problem  areas  likely  to  be  encountered 
with  component  systems  of  the  M60,  Armor  Human  Research  was  to  specify  those 
components  for  which  avoidable  safety  or  human  engineering  deficiencies 
appeared  to  decrease  system  efficiency. 

PROCEDURE 

Several  handbooks  are  available  in  which  the  results  of  a  large  nuniber 
of  human  engineering  studies  are  collated  in  summary  form;  the  collation 
indicates  the  critical  requirements  which  determine  optimum  operating  and 
safety  requirements  for  man-machine  systems  (e.  g.,  3,  7,  8,  17,  18),  On 
the  basirf  of  the  information  contained  in  these  handbooks,  a  list  of  human 
factors  which  are  critically  related  to  the  safety,  ease,  and  accuracy  of 
operation  of  various  types  of  equipment  was  developed.  These  factors  were 

^Letter,  ATTNG-D&R  451.6/18  (C),  2  May  I960,  Hq  USCONARC,  subject, 

"Troop  Evaluation  of  the  M60  Tank"  (U). 

%jetter,  AIBK-SBA,  25  June  I960,  US  Army  Armor  Center,  subject,  "Troop 
Svaluation  of  the  .’’ibO  Tank." 


then  applied  in  check  list  form  to  each  con^xment  of  the  M60  tank  (4)  which 
was  rclevo’^t  to  crev/  functioning,^  The  resulting  "Human  Factors  Check  List 
for  the  M63  Tank"  was  intended  for  use  as  a  guide  for  completing  the  human 
factors  analyses.  Appendix  A  is  a  copy  of  this  check  list. 

The  analysis  of  the  M60  tank  was  conducted  in  three  phases.  Duriiig  the 
first  phase,  Armor  Human  Research  personnel  reviewed  equipment  characteristics 
and  their  relation  to  known  human  engineering  principles.  This  review  included 
making  physical  measurements  of  the  crew  work  space  and  completing  the  human 
factors  check  lists.  All  physical  measurement  was  referenced  to  anthropometiic 
measures  of  armor  personnel  (2). 

Percentile  points  were  used  as  the  most  practicable  elaboration  of 
anthropometric  statistics.  A  percentile  point  is  a  value  on  the  measurement 
scale  below  which  any  given  percentage  of  the  cases  fall.  For  example,  the 
95th  percentile  is  the  point  below  which  95  per  cent  of  the  measurements  fall. 
For  this  analysis  it  was  assumed  that  all  hardware  djjnensions  should  accommodate 
at  least  90  per  cent  of  the  armor  personnel.  Minimum  dimensions  were  thus 
referenced  to  the  5th  percentile  anthropometric  measure  (that  which  would  be 
exceeded  by  95  per  cent  of  the  armor  persoiuiel) ,  and  maximum  dimensions  were 
referenced  to  the  95th  percentile  anthropometric  measure  (that  which  be 
exceeded  by  only  5  per  cent  of  the  armor  personnel) .  For  illustrative 
purposes  the  measurement  which  would  best  illustrate  the  degree  of  deficiency 
was  used. 

The  second  phase  of  the  evaluation  included  both  observing  and  intei-viewing 
operating  crews  during  and  directly  after  vehicle  operation  for  the  troop 

Equipment  components  which  were  not  furnished  with  the  initial  M60 
models  used  during  the  troop  evaluation  (e.  g.,  cupola  machine  gun,  communication 
system,  etc.)  were  not  included  in  the  analysis. 
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evaluation  conducted  at  Ft*  Hood,  Texas*  Both  observation  and  Intervlev 
were  referenced  to  the  human  factors  check  lists. 

The  results  of  these  two  phases  were  combaned  in  an  integrated  compilation 
of  safety  and  human  engineering  deficiencies*  This  list  was  then  checked 
against  the  available  troop  evaluation  reports  (l5),  and  all  items  which 
duplicated  those  in  the  report  were  eliminated  because  they  had  already  been 
reported.  The  remaining  deficiencies  were  reviewed  with  representatives  from 
the  US  Army  Aimor  Board  to  eliminate  any  other  item  which  did  not  seem  to 
reflect  a  degree  of  deficiency  that  would  warrant  modification  of  ecpiipient, 

RESULTS 

The  purpose  of  this  stucfy  was  to  determine  avoidable  engineering 
deficiencies  which  might  compromise  the  operating  efficiency,  safety,  or 
comfort  of  the  tank  crew*  The  results  of  t-he  study  therefore  erophasiac 
inadecpiacies,  although  if  a  comparative  study  between  this  and  other  vehicles 
were  made,  as  many  good  points  could  probably  be  listed.  In  fact,  most  of 
the  interviews  and  observations  indicated  that  a  number  of  Ijr^jravements  over 
the  MU8A2  had  been  made,  but  that  additional  changes  would  greatly  increase 
the  crew*s  operating  efficiency.  These  changes  were  the  subject  of  the 
analysis  reported  here. 

Some  of  the  changes  recommended  as  a  result  of  the  analysis  involve  only 
slight  modification  of  the  present  equipnent.  Others,  however,  involve 
more  extensive  modification  or  the  use  of  other  equipnent.  Many  of  these 
deficiencies  appear  insignificant,  considered  individuallyj  tut  together  they 
could  result  in  a  considerable  loss  in  efficiency.  Further  justification  for 
modification  of  the  present  vehicle  will  have  to  bo  established,  since  there 
has  been  no  fco  deteimine  eitber  the  exact  degree  of  operational 


decretiient,  or  the  cosi  of  a  proposed  change  in  relation  to  the  Increase 
in  operating  efficiency  which  is  expected  to  result  from  that  change.  It 
shotild  be  stressed,  however,  that  most  o£  these  deficiencies  could  have  been 
avoided  had  mor^  attention  been  given  to  biiman  factors  requirements  during 
the  initial  stages  of  eoxiinment  develoranent . 

Driver’s  Compartment; 

The  driver's  compartoient  of  the  M60  is  too  small  for  optimum  comfort 
and  efficiency,  but  it  could  not  be  enlarged  without  changing  the  profile 
of  the  tank.  Obviously  this  condition  can  also  be  expected  in  future  tanks, 
with  the  increased  emphasis  on  lower  profiles  and  more  supporting  equipment. 

It  is  therefore  imperative  that  the  controls  within  the  compartment  be 
arranged  so  the  driver  can  utilize  the  available  work  space  advantageously 
and  operate  the  tank  efficiently.  Instances  in  which  this  could  be  accomplished 
in  the  present  M60  by  rearrangement  of  control  layout  or  substitution  of 
edtemete  types  of  control  will  be  emphasized  in  the  following  sections. 

However,  several  deficiencies  cannot  be  eradicated  simply  by  rearrangement 
or  substitution.  Where  these  def '.^iencies  severely  hamper  operation,  a 
major  modification  may  be  requfjred, 

s 

Work  Space.  One  of  the  tjore  sevei-e  deficiencies  restricts  head  space 
during  operation  with  the  hatch  closed.  The  vertical  distance  from  the 
driver's  seat  in  its  lowest  position  to  the  closed  hatch  cover  should  be 
sufficient  to  enable  95  per  cent  of  the  drivers,  wearing  a  tanker's  helmet 
and  with  maximum  expected  clothing  thickness,  to  operate  while  they  are 
sitting  erect.  In  the  M60  this  vertical  distance  measures  37  inches;  whereas 
the  sitting  height  of  the  95th  percentile  man  (without  tanker's  helmet  or 
heavy  clothing)  is  38.5  inches.  While  the  effective  working  height  of  the 
driver  is  between  1.5  and  2  inches  less  than  his  statistical  anthropometric 
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height,  vertical  space  is  still  less  than  that  required  for  efficient 
driving.  The  resulting  cramped  posture  which  the  driver  must  assume  (as 
shown  in  Figure  1)  severely  limits  the  length  of  time  he  is  able  to  operate 
efficiently  with  the  hatch  closed. 

Another  deficiency  is  the  amount  of  dust  and  mud  which  enter  the 
driver's  compartment.  With  the  models  used  during  the  troop  evaluation, 
both  tracks  threw  dirt  and  mud  over  the  front  of  the  fender  and  through  an 
opening  between  the  hull  and  fender.  Drivers  estimated  that  they  could  not 
drive  jver  ten  minutes  with  the  hatch  closed  before  the  periscopes  were 
covered  with  mud,  or  twenty  minutes  with  the  hatch  open  before  the  instruments 
w^re  covered  with  mud.  An  equipment  modification  has  since  extended  the 
fenders  and  filled  in  the  hull-fender  space,  thereby  reducing  the  amount  of 
mud  which  enters  the  compartment.  However,  driving  with  the  hatch  closed 
is  still  hampered  by  mud  and  dust  on  the  periscope.  A  method  of  protecting 
or  periodically  cleaning  the  periscope  faces  should  therefore  be  provided. 

Padding  around  the  driver's  hatch,  particularly  in  the  rear,  is 
insufficient.  The  bouncing  and  jolting  of  the  driver  during  cross  country 
operation  might  cause  serious  injury.  The  only  way  the  driver  can  steady 
himself  is  to  use  the  steering  wheel  as  a  brace,  or  if  the  hatch  is  open, 
to  brace  one  arm  on  the  edge  of  the  hatch.  Neither  method  provides  sufficient 
stability,  and  both  methods  interfere  with  driving.  It  is  therefore  recom¬ 
mended  that  some  method  of  securing  the  driver,  such  as  seat  belts  and 
shoulder  straps  with  a  quick  release  device,  be  provided  and  that  heavier 
padding  be  used  to  line  the  rim  of  the  hatch. 

Entry  and  Exit.  The  driver's  compartmeni  has  two  hatches  for  entry  and 
exit—a  driver’s  hatch  over  the  driver's  seat,  used  for  normal  entry  and 
exit,  and  an  escape  hatch  direcx^y  beneath  the  driver's  seat,  used  for 
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emergency  exit  by  the  crew. 

The  driver's  hatch  is  aemicirciilarj  it  measures  approximately  28.5 
inches  across  the  base  and  15.5  inches  in  radius.  Ilxis  size  is  svifficient 
for  normal  \ise,  although  the  depth  would  be  somewhat  restrictive  for  the 
artic  soldier  with  a  clothed  chest  and  hip  depth  of  approximately  16  inches  (9). 

The  cover  for  the  driver's  hatch  slides  along  a  cross  bar  which  is 
mounted  at  the  rear  of  the  ha'bch  and  which  is  therefore  behind  the  driver's 
head.  To  operate  this  cover,  the  driver  must  first  grasp  the  handle  and 
pull  the  cover  to  a  half  open  position,  then  turn,  and  grasping  the  handle 
with  the  other  hand,  complete  the  movement  along  the  cross  bar.  While 
this  operation  is  awkward,  it  does  not  seem  to  offer  any  particular  difficulty 
which  would  warrant  modifying  eqviipment.  However,  operation  depends  on 
easy  traverse  along  the  cross  bar;  whaa  this  bar  becomes  covered  with  mad 
and  debris,  the  cover  will  not  traverse.  Normally  the  cross  bar  can  be 
wiped  clean  periodically;  but  under  combat  conditions  quick  operation  would 
bo  required,  and  the  driver  co;ald  not  take  the  time  to  wipe  the  cross  bar 
before  closing  the  hatch.  For  this  situation  some  sort  of  protection  for 
the  cross  bar  should  be  provided. 

Mud  and  dirt  on  the  hatch  seal  also  interfere  with  closing  the  hatch. 

After  a  short  period  most  drivera  can  not  close  the  hatch  without  outside 
help.  Since  quick  one-man  operation  is  required,  this  situation  should 
be  corrected. 

Handles  for  the  hatch  cover  are  considered  not  lai’ge  enougn  for  easy 
operation.  The  handle  at  the  front  of  the  hatch,  used  to  close  the  cover, 
is  not  large  enoiigh  to  provide  a  good  grip;  the  lock  handle  is  so  light 
that  it  bends  whenever  it  is  forced.  These  handles  should  be  enlarged. 

'Ihe  location  of  the  turret  pressure  gage  near  the  end  of  the  cross  bar 
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also  interferes  with  closing  the  hatch.  Whenever  the  hatch  cover  is  closed 
rapidly,  the  driver ‘s  hand  hits  the  gage,  injuring  his  hand  and  sometimes 
breaking  the  gage.  This  gage  should  be  relocated. 

Another  deficiency  in  the  present  hatch  system  is  the  size  of  the  driver's 
escape  hatch.  The  diameter  of  the  circular  escape  hatch  is  18  inches.  This  is 
sufficient  for  a  man  dressed  in  the  fatigue  uniform  but  the  arctic  soldier 
measures  approximately  28,  23  and  25  inches  in  the  respective  widths  of 
shoulder,  chest,  and  hip  (9).  Thus,  when  they  wear  the  arctic  uniform  none 
of  the  crew  are  able  to  use  the  escape  hatch  for  emergency  exit.  Since  the 
perfonriance  requirements  of  this  vehicle  provide  for  operation  in  temperatures 
which  would  not  permit  unbuttoned  operation  without  arctic  gear,  and  which 
would  not  enable  the  man  to  remain  without  arctic  clothing  for  the  length 
of  time  necessary  to  exit,  find  cover,  and  put  on  clothing,  it  would  seem 
imperative  that  all  hatch  dimensions  be  made  to  conform  to  the  spatial 
dimensions  of  the  arctic  soldier. 

Also,  since  the  driver's  escape  hatch  cover  is  concave,  water  collects 
in  the  cover  and  rists  the  controls  until  they  are  inoperative.  The  cover 
is  awkward  and  difficult  to  remove  each  time  it  fills  with  water;  so  some 
method  of  draining  should  be  provided. 

Primary  Driving  Controls  and  Seating.  The  position  and  mode  of  operation 
of  the  gear  shift,  steering  wheel,  accelerator,  and  brake,  and  the  position 
of  the  vision  devices  and  instruments,  all  in  relation  to  the  seated  position 
of  the  driver,  have  an  important  bearing  on  his  ability  to  control  the  vehicle. 
Within  the  limited  space  of  the  M60  driver's  compartment,  planning  for 
accessibility  and  operability  of  controls  increases  in  difficulty  as  well  as 
in  importance. 

Seating.  For  optimum  efficiency  the  driver  should  be  able  to 
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lean  back  slightly  >diile  he  is  driving.  But  with  the  hatch  open  and  the  seat  in 
its  most  forward  position,  the  driver  must  lean  forward  to  get  his  head  out  of 
the  hatch.  He  must  lean  forward  even  more  over  the  middle  periscope  to  see  close 
enough  to  the  front  of  the  tank  for  safe  driving.  When  the  hatch  is  closed,  the 
driver  must  lean  forward  to  see  close  to  the  front  of  the  tank  through  the 
periscope.  Relocating  the  central  point  of  fore  and  aft  adjustment  forward 
would  thus  greatly  increase  the  comfort  of  the  dil,ver*s  position  and  decrease 
his  postural  strain  and  fatigue  in  driving  for  an  extended  period  of  time. 

Also  the  support  bar  for  the  driver's  seat  is  not  sturdy  enough  to  with¬ 
stand  the  forces  exerted  by  the  driver  in  driving  cross  country.  Many  seats 
were  bent  down  during  the  first  few  miles  of  operation,  A  sturdier  support 
should  be  provided. 

The  wire  mesh  driver's  seat  is  to  be  replaced  by  the  Mli6A2  seat  (l5),  but 
comments  and  observations  pertaining  to  this  seat  should  be  considered  for  future 
seat  design.  Also,  if  this  type  of  seat  is  retained  for  the  other  crew  members, 
these  comments  would  apply  to  all  other  seating  in  the  vehicle.  Since  the  seat 
mount  will  be  unchanged,  its  functioning  and  relation  to  other  equipment  should 
still  be  considered. 

Most  drivers  preferred  the  wire  mesh  seat  to  the  usual  canvas-covered  seat 
because  of  its  ease  of  maintenance.  The  wire  seat  can  simply  be  sprayed  off 
to  clean,  and  no  breaks  or  tears  were  expected.  In  contrast,  a  canvas  covered 
seat  must  be  scrubbed  often  and  it  rips  and  tears  easily.  But  ease  of  main¬ 
tenance  was  tne  only  support  given  for  use  of  the  wire  seat.  It  was  thought 
to  be  hard  and  uncomfortable  since  it  is  not  resilient  enough  to  provide  an 
adequate  seating  surface  or  to  enable  the  man  to  sit  anywhere  except  in  the 
center  of  the  seat,  regardless  of  the  relation  of  this  position  to  the  controls 
he  is  operating.  It  doss  not  absorb  the  vibrations  of  the  tank,  but  transmits 
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all  the  jolts  and  jars  to  the  man’s  body.  Lack  of  resiliency  added  to  boxinciness 
coxild  be  expected  to  result  in  a  high  consumption  of  energy  and  loss  in  visual 
acuity  over  extended  periods  of  operation  (6,  11,  12,  16), 

The  backrest  for  the  driver’s  seat  was  also  considered  to  be  inadequate. 

It  is  the  chief  support  for  the  driver  when  he  is  braking,  or  bracing  himself 
for  bumpy  terrain,  VMle  the  backrest  is  large  enough  to  provide  adequate 
support,  the  lack  of  padding  results  in  scraped  and  bruised  backs  during  cross 
country  operation.  Also  the  back  adjustment  lock  is  not  sturdy  enough  to 
withstand  the  bracing}  so  it  does  not  hold  the  back  in  position. 

Accelerator  Pedal,  The  location  cf  the  accelerator  pedal  directly 
forward  of  the  seat  causes  a  very  cramped  posture  when  the  driver  is  operating 
with  the  hatch  closed,  (See  Figure  1,)  In  addition,  the  near  vertical  mounting 
of  the  pedal  results  in  a  sharp  ankle  angle,  especially  for  slow  speeds,  Vihen 
the  hatch  is  open  and  the  seat  is  up,  the  forward  distaiice  to  the  pedal  is  not 
very  critical,  but  the  vertical  mounting  of  the  pedal  requires  that  the  driver 
operate  it  by  holding  his  foot  on  the  upper  edge  with  no  anchor  point  on  which 
to  rest  his  foot.  In  both  positions  the  accelerator  is  extremely  difficult  to 
operate,  almost  impossible  when  the  driver  is  wearing  overshoes  or  arctic  boots. 

One  solution  to  this  problem  would  be  to  move  the  pedal  approximately  six 
inches  forward;  this  change  would  also  raise  the  height  of  the  pedal  about  four 
inches,  OperatiorA  with  the  hatch  closed  and  with  the  pedal  relocated  forward 
is  depicted  in  Figure  2,  It  can  be  seen  by  compai’ing  this  figure  with  Figure  1 
that  this  solution  alleviates  the  difficulty  somewhat  without  requiring  a 
drastic  modification. 

The  operating  angle  of  the  present  accelerator  pedal  requires  that  drivers 
of:  different  statures  apply  force  frm  different  angles  of  the  lower  leg  and 
chat  they  usa  whatever  is  available  as  a  heel  rest  (some  drivers  use  the  linkage. 
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others  the  hull,  and  still  others  the  base  of  the  pedal).  Xhe  pedal  angle 
should  nevex-theless  conform  to  the  configuration  of  the  sole  of  the  driver *3 
boot  and  offer  enough  resistance  to  offset  the  weight  of  the  foot.  The  present 
pedal  satisfies  neither  requirement.  The  shape  of  this  pedal  is  based  on  the 
driver *s  position  in  an  obsolete  tank  and  does  not  conform  to  any  operating 
requirement  of  the  M60  tank.  It  is  split  vertically  into  two  levels  for 
operation  when  the  hatch  is  closed  and  open,  but  neither  level  is  angled 
correctly  for  M60  positions,  or  is  wide  enough  to  hold  the  driver's  boot. 

Nor  does  pedal  resistance  offset  the  weight  of  the  driver's  foot;  so  he  has 
to  support  his  foot  in  a  position  vdiich  becomes  tiring  after  a  short  timt'. 

This  pedal  should  be  modified  to  provide  a  comfortable  operating  angle  for 
operation  with  the  hatch  both  closed  and  open,  and  sufficient  width  and 
resistance  to  support  the  driver’s  boot. 

The  surfacG  of  the  pedal  has  a  smooth  texture  which,  when  the  pedal 
becomes  covered  with  mud  and  oil,  allows  the  foot  to  slide  back  and  forth. 

This  sliding  is  fatiguing  and  results  in  erratic  acceleration  during  cross 
country  driving.  This  condition  could  be  eliminated  by  covering  the  pedal 
with  a  durable  corrugated  material. 

Brake  Pedal.  The  location  of  the  brake  pedal,  high  on  the  hull 
and  directly  behind  the  steering  wheel,  requires  most  drivers  to  bend  their 
leg  around  the  wheel  to  brake.  This  requirement  and  the  force  necessary  to 
operate  the  pedal  make  braking  extren^ly  difficult.  Obviously  the  brake  pedal 
should  be  relocated,  but  to  what  position  is  not  readily’’  apparent.^  Relocation 

Relocation  of  the  brake  pedal  raises  a  question  that  can  not  be  answered 
without  fxu:*ther  research.  Separation  of  brake  and  accelerator  pedals  reduces 
the  possibility  of  accelerating  when  one  intends  to  brake.  However,  it  might 
be  more  advantageous  if  both  the  accelerator  and  bralce  in  the  present  vehicle 
were  operated  by  the  same  foot.  Sufficient  separation  could  still  be  achieved, 
lihen  the  accelerator  is  on  the  right  side  cf  the  steering  wheel  and  the  brake 
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is  f-urther  coii5)licated  by  the  large  am.ount  of  linkage  required  to  operate  the 
present  braldng  system.  (See  Figure  3.)  This  linkage  ’'estricts  not  only  the 
number  of  possible  pedal  locations,  but  also  the  location  and  operation  of  the 
other  controls.  Some  method  of  assisted  braking,  such  as  hydraulic  brakes, 

Mhioh  would  reduce  the  amount  of  linkage  required,  would  greatly  reduce  clutter 
and  interference  and  allow  for  proper  location  of  th3  braking  controls. 

Steering  Wheel.  The  focus  of  many  layout  prcblems  in  the  driver's 
con^jai'tment  ib  the  steering  wheel. 

It  has  already  been  noted  that  the  wheel  blocks  direct  access  to  the 
brake  pedal.  Covering  a  fairly  large  area  directly  in  front  of  the  driver, 
the  wheel  blocks  access  to  much  of  the  forward  area  and,  without  stricter 
assembly  tolerances,  is  prone  to  malfunction.  (See  Figure  h»)  On  some 
vehicles  the  wheel  is  mounted  directly  under  the  middle  periscope,  so  that 
the  wheel  must  be  removed  before  the  periscope  can  be  removed  or  replaced. 

On  other  vehicles  the  wheel  is  mounted  so  near  the  hull  that  the  driver 
bangs  his  knuckles  or  binds  the  wheel  against  the  hull  in  making  a  sharp 
turn.  Undoubtedly  better  quality  control  would  solve  some  of  these  problems, 
but  a  better  over-all  solution  might  be  to  use  a  type  of  steering  control 
which  would  not  offer  much  of  a  blocking  problem:  for  example,  a  T-Bar  or 
wobble  stick.  Most  of  the  driv3rs  interviewed  who  had  operated  vehicles  in 
which  other  types  of  con-^rols  were  used,  expressed  a  definite  preference  for 
the  T-Bar  or  wobble  stick.  Other  studies  have  indicated  that  control  preffjrence 
is  directly  related  to  the  amount  of  past  experience  with  that  control  (10), 

on  the  left,  the  driver  has  a  tendency  to  brace  one  foot  on  the  accelerator 
when  he  is  braldng.  This  tendency  is  particularly  true  for  trainees,  but  also 
occurs  with  experienced  drivers.  In  one  instance  a  driver  hie  both  brake  and 
accelerator  pedal.s  when  a  tank  in  front  of  him  stopped  suddenly.  This  situation 
could  be  avoided  if  both  pedals  were  operated  by  the  same  foot  (as  in  an  auto¬ 
mobile).  A  study  would  be  necessary,  however,  to  determine  the  comparative 
operating  efficiency  of  the  two  arrangements. 
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Figure  3: 


Location  of  Brake  Pedal  and 
Linkage 


brut  further  investigation  of  control  space  requirements  and  operating  ease 
and  accuracy  should  be  considered,  the  objective  being  to  determine  the  optimum 
type  of  control  for  use  in  restricted  conpartments.  A  study  in  progress  at  the 
Army  Ordnance  Human  Engineering  Laboratory  should  provide  much  of  this  informa¬ 
tion  (10,  p.  „■"). 

The  present  steering  column  of  the  M60  does  not  seem  to  be  nigged  enough 
to  withstaiid  more  than  normal  driving  force.  Several  drivers  reported  bending 
of  the  steering  column  when  the  wheel  was  used  for  support  over  rough  terrain. 
Support  liandles  for  the  driver  as  suggested  earlier,  would  lessen  use  of  the 
steering  wheel  as  a  brace,  but  the  steering  column  should  still  be  strong 
enough  to  withstzind  any  normal  leverage  which  might  be  applied. 

Transmission  Shift  Lever.  The  gear  shift  lever  is  so  located  that 
shorter  drivers  have  difficulty  reaching  the  farthest  position,  the  starting 
position.  Some  of  these  drivers  say  they  operate  the  lever  with  their  foot 
rather  than  their  hand.  This  procedure  could  cause  a  number  of  malfunctions; 
it  could  easily  be  stopped  if  the  shift  control  were  moved  several  inches 
closer  to  the  driver’s  seat,  or  if  the  starter  were  located  on  the  driver’s 
instrument  panel. 

A  recurring  problem  is  the  requirement  that  the  radio  be  burned  off 
before  starting  the  tank.^  Desnite  considerable  emphasis  on  this  requirement 
during  training,  coiintless  radio  tubes  are  destroyed  by  drivers  who  forget 
or  ignore  the  requirement.  It  would  cost  very  little  to  plaq;»  a  RADIO-ON 
warning  light  near  the  starter,  or  better  still,  to  ijicorporate  a  breaker 
switch  which  would  take  care  of  the  sudden  surge  of  current  or  turn  the  radio 
off  while  the  starter  is  in  operation. 

- 5 — ; - 

This  operation  is  not  necessary  when  fully  transistorized  radios  are 

used.  But  since  such  equipment  is  not  yet  available,  the  problem  should 
be  considered. 
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Enphasizing  the  lettering  of  control  positions,  and  stqpplying  an  instruction 
plate  outlining  the  starting  procedure,  might  aid  inexperienced  drivers  or 
emergency  operation  by  another  member  of  the  crew.  The  present  lettering  to 
indicate  shift  positions  is  in  sunken  relief,  the  same  color  as  the  surround. 
Positions  are  very  difficult  to  read  under  dim  illumination.  They  could  be 
made  more  legible  if  they  were  painted  a  contrasting  color.  The  starting 
procedure  is  available  only  in  the  tank  manual. 

Vision  devices.  Two  types  of  vision  devices  are  provided  for  the 
driver  during  operation  with  the  hatch  closed.  Three  vision  blocks  centered 
directly  in  front  of  the  driver  are  used  for  daylight  driving.  An  infrared 
periscope  which  can  be  inserted  through  the  driver’s  hatch  affords  night  vision. 

The  three  vision  blocks  seem  to  afford  adequate  vision  for  the  driver; 
however,  the  location  of  the  central  vision  block  causes  several  operating 
difficulties.  First,  the  device  is  located  so  far  forward  from  the  driver 
that  when  the  hatch  is  closed,  he  must  assume  a  crouched  position  to  view 
terrain  which  is  directly  in  front  of  the  tank.  This  position  is  fatiguing 
even  for  a  short  period  of  operation.  Adding  an  angled,  longer  block  directly 
in  froi.t  of  the  present  one,  or  an  adjustable  periscqie  head,  would  enable 
the  driver  to  view  the  immediate  terrain  from  a  normal  driving  position. 

Second,  the  present  spacing  above  the  vision  block  and  around  the  cushion 
is  not  great  enough  to  allow  the  driver  a  close  view  while  he  is  wearing  the 
tanker's  helmet. 

Third,  the  vertical  distance  from  the  top  of  the  driver's  seat  to  the 
tops  of  the  vision  blocks  is  29  inches.  This  distance  will  be  increased  when 
the  MltOA2  bucket-type  seats  are  used.  Since  the  eye  level  of  the  75th 
percentile  man  in  a  normal  sitting  position  is  only  30. inches,  the  majority 
of  drivers  cannot  now  observe  the  immediate  frontal  area  when  they  are 
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operating  with  the  hatch  open.  (See  Figures  ^  and  6.)  To  increase  frontal 
vision,  the  driver  must  either  remove  the  block  or  use  sows  method  of  increasing 
the  height  of  the  seat  (some  drivers  use  seat  cxishionsj  others  drill  an  extra 
hole  at  the  top  of  the  seat  adjustment  bar).  Removal  of  the  block  would  not 
be  permitted  in  a  combat  situation  where  a  quick  change  from  hatch-open  to 
hatch-closed  operation  might  be  necessary.  Raising  the  seat  raises  the  driver 
enough  that  he  might  be  accidentally  hit  by  the  gun  shield.  Ojie  suggested 
solution  is  a  quick  adjusting  up -down  case  for  this  vision  block.  Another 
suggestion  is  to  increase  seat  height  (as  shovm  in  Figure  7),  and  add  a 
device  to  protect  the  driver  from  the  gun  shield. 

The  infrared  periscope  used  for  night  drivi.ng  can  be  locked  in  place, 
but  most  drivers  prefer  to  leave  it  unlocked  so  that  they  can  turn  it  to  the 
side,  particular when  they  turn  the  vehicle,  or  s\dng  it  up  to  look  ahead 
when  they  are  going  up  a  hill,  A  scope  handle  wcfuld  thus  facilitate  control 
in  driving.  Also  the  infrared  scope  cannot  be  used  vjith  the  tanker *s  helmet, 
and  better  spacing  should  be  provided  for  this  purpose. 

Auxiliary  Driving  Instruments.  The  speedometer  and  tachometer  are 
located  directliy  in  front  of  the  driver,  well  within  his  field  of  viewj  but 
the  location  of  the  indicator  gage  panel,  and  the  master  control  panel  to  his 
side  .requires  that  he  interrupt  his  observation  of  the  terrain  whenever  he 
has  to  read  a  dial  or  manipulate  a  control.  This  interference  with  the  driver's 
primary  duty  could  be  lessened  if  both  panels  were  located  in  front  of  the 
driver.  The  horseshoe  arrangement  used  in  the  T92  light  tank  (1)  was  con¬ 
sidered  very  satisfactory  during  the  equipment  test;;  it  might  well  form  the 
basis  for  instrument  layout  in  the  'l60. 

Drivers  use  the  tachometer  very  little,  relying  mainly  on  the  speedometer. 
One  r-jason  is  that  the  driver  seldom  remembers  the  correct  RPM  for  various 
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Figure  5 


Fig'ore  5! 

Driver's  LLne  ef  Sight  over  the 
Center  Periscope  When  the  Seat  Is 
Adjusted  to  Maximum  Height 


Figure  6 

1 


Minimum  Visual  Angle  over  Front 
of  Hull,  Shoving  Interference  of 
Periscope  wl+h  Vision  of  Driver 
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Figure  7 


Figure  7; 
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Driver's  Line  of  Sight  over  the 
Center  Periscope  When  tiie  Maximun 
Height  Is  Increased  2.5  Inches 


operations.  Color  zoning  could  be  added  to  the  tachcmeter  as  an  aid.  One 
possible  schema,  shown  in  Figure  9,  includes  a  separation  or  distinctive  marks 
between  zones— one  at  1000  HIM  for  operation  before  shutting  the  engine  off, 
a  color  zone  for  the  1600  to  1800  RFM  area  for  engine  warmi-up,  a  mark  or 
separation  at  3000  RIM  to  indicate  that  brakes  should  be  applied  in  negotiating 
a  steep  down  grade,  and  perhaps  a  zone  in  the  2000  to  2100  RFM  area  to  indicate 
the  optimum  RFM  for  normal  operation. 

Zones  or  distinctive  marks  could  also  be  added  to  the  ^edcaneter  to 
identify  critical  speeds.  One  possible  schema,  shown  in  Figure  8,  provides 
for  a  distinction  at  the  li  MPH  position  for  towing,  at  $  MPH  for  traveling 
in  reverse  or  for  ascending  or  descending  steep  grades,  between  6  and  12  MPH 
for  shifting  from  low  to  high  or  from  hi^  to  low  and  for  showing  maximum 
speed  in  low  gear,  and  at  30  MPH  for  showing  maximum  speed  on  a  hard  surface. 
Also  numerals  on  both  dials  have  been  moved  outside  the  calibration 
markings  where  they  can  be  more  easily  and  accurately  read.  Both  dials 
should  also  have  Internal  illumination.  These  dials  are  now  hard  to  read 
at  rJ-ght  even  when  the  dome  light  is  illuminated. 

Color  zoning  has  already  been  added  to  the  di.''ls  on  the  indicator  gage 
panel,  but  this  was  evidently  an  afterthought,  as  the  zones  are  painted  on 
the  outside  rim  of  the  dial.  For  quick  and  accurate  reading,  the  zones  should 
be  painted  on  the  faces  of  the  dials.  For  optimum  readability,  none  of  the 
dial  pointers  should  cover  the  marks  or  numbers  as  seme  present  pointers  do. 

For  all  coding,  colors  \rtiich  are  discriminable  under  daylight,  white 
light,  and  red  light  should  be  used— not  ijxluding  the  reds  which  are  frequently 
used,  for  these  reds  wash  out  under  red  light,  A  report  of  research  conducted 
by  the  Anaor  Human  Research  Unit  (13)  specifies  the  hues  which  are  most 
discriminable  under  both  white  and  red  light.  These  hues  should  be  used  for 
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Figure  8: 

Suggested  Schema  for 
Speedometer  -  Odometer 


Figiure  9: 


Suggested  Schema  for 
Tachometer  -  Hour  Meter 


SPEEDOMETER - ODOMETER 

Figure  8 


HOUR  METER 


Figure  9 


all  color  coding  vjithin  the  tank. 

All  switch  and  control  positions  are  fairly  well  marked,  the  main 
exception  being  the  lighting  control,  for  vdiich  the  control  switches  cover  the 
markings  and  labeling.  However,  detents  are  pronounced  enough  to  indicate 
positioning,  and  it  might  be  difficult  to  design  a  more  efficient  control 
without  additional  space. 

In  view  of  the  relative  importance  of  the  master  control  switch,  it  might 
well  be  made  more  imposing;  a  larger  switch  rather  than  an  ordinary  toggle 
switch  like  the  others.  This  would  greatly  reduce  the  possibility  of  mistaking 
this  switch  for  the  adjacent  main  engine  fuel  switch. 

Loader *s  Section; 

Work  Space.  Adequate  work  space  in  the  loader *s  section  is  very  Important 
because  of  the  amount  of  body  movement  required  to  complete  loader  tasks  and 
because  of  the  number  of  potential  safety  hazards  near  the  loader. 

In  the  present  turret,  work  space  is  severely  limited  ly  the  arrangement 
for  ammunition  stowage  and  the  increased  size  of  the  rcamd.  Very  little  space 
is  available  between  the  breech  and  the  vertically  stowed  ammunition  (about 
16  inches  at  the  widest  point).  Space  is  further  limited  during  firing,  because 
ejected  cartridge  cases  which  strike  the  ammunition  boxes  projecting  into  the 
floor  area  behind  the  breech  are  throvm  into  the  area  around  the  loader ®s  feet. 
The  loader  therefore  usually  prefers  to  twist  into  the  space  beside  the  gun, 
where  there  is  little  clearance  between  him  and  the  breech  operatiixg  handle 
which  recoils  with  the  breech,  (See  Figure  10.)  A  safety  bar,  similar  to 
that  for  the  guimer  and  tank  commander  but  redesigned  so  as  not  to  interfere 
with  the  loading  operation,  is  needed  to  protect  the  loader  from  stepping  or 
falling  behind  the  breech,  and  to  afford  seme  protection  from  the  breech 
operating  handle.  Furthermore,  if  the  fire  extinguisher  mounted  under  the 
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gunner's  seat  (and  inaccessible  where  it  is)  is  relocated,  the  anmurdtion 
boxes  could  be  moved  further  into  the  gunner's  area,  thereby  clearing  the 
floor  behind  the  breech.  These  two  changes  do  not  increase  the  loader's  work 
space,  but  they  do  increase  his  safety  while  he  is  loading. 

Another  very  potential  safety  hazard  in  the  loader's  section  is  that 
equipment  projects  into  the  area  around  the  loader's  head.  Hooks,  lights, 
the  seat  stowage  rack,  the  stowed  seat,  and  stowage  cases  all  project  from 
the  turret  wall  and  are  all  mounted  at  head  height.  During  normal  movement 
around  his  section,  the  loader  is  constantly  bumping  his  head  on  projections. 
When  he  is  riding  over  rough  terrain  or  reacting  to  the  recoil  of  the  gun, 
the  loader  could  be  seriously  injured  by  such  a  bump.  This  danger  is  increased 
because  the  height  of  the  tuirret  is  not  sufficient  to  enable  the  loader  to 
oporate  effectively  when  he  is  wearing  the  tanker's  helmet;  so  he  will  most 
likely  perform  his  job  without  wearing  a  protective  helmet.  Therefore, 
equipment  mounted  on  the  turret  wall  and  ceiling  should  be  rearranged  to 
afford  a  cleared  area  around  the  loader's  head,  with  sufficient  tolerance 
for  anticipated  reactions  to  jolts  and  recoil. 

Loader's  Gun  Safety  Switch,  This  switch  is  located  so  far  forward  on 
the  breech  that  the  loader  must  lean  forward,  over  the  breech  operating  handle 
and  the  edge  of  the  breech,  to  operate  it.  Operating  it  after  the  ammunition 
is  loaded  places  the  loader  in  an  off-balance,  unguarded  position  when  the 
gun  might  be  fired,  hoving  the  switch  to  a  protected  position  farther  to 
the  rear,  as  on  the  loader's  safety  bar,  would  remove  this  hazard. 

Amfiiunition  Racks.  The  retainer  assembly  on  some  of  the  ananunition  racks 
falls  back  into  the  turret  ring  (as  shown  in  Figure  11),  and  is  bont  and 
chewed  when  the  turret  is  traversed.  Stops  should  be  placed  on  the  bars  to 
prevent  this. 


Figure  11: 


Amauiiition  Rack  ?tainer 
Assembly,  Dropped  into  Turret 


The  third  vertical  row  of  aimminition  tubes  to  the  driver’s  left  is  in  line 
with  the  txirz'et  basket.  The  ammunition  retention  bars  on  these  tubes,  not 
spring  loaded,  therefore  fall  into  the  basket.  When  the  turret  is  traversed, 
the  bars  catch  in  the  basket  and  are  bent  or  tom  off.  Spring  loading  would 
prevent  this  damage. 

Scsiie  of  the  stowage  tubes  are  too  short  to  hold  the  longer  rounds.  It 
would  be  advisable  to  identify  these  tubes  or  racks  painting  them  a 
different  color. 

Loader’s  Seat.  The  loader’s  seat  is  the  most  xmccmfortable  seat  in  the 
M60.  Besides  having  the  same  inadequacies  as  the  driver’s  seat,  it  is  much 
too  small;  it  is  angled  so  that  it  keeps  the  loader  pitched  forward  instead 
of  slightly  back;  and  it  has  a  backrest  which  is  hard,  too  low,  too  small, 
unad justable ,  and  poorly  contoured.  like  the  other  seats  in  the  M60,  this 
seat  should  be  replaced. 

In  his  limited  workspace  the  loader  cannot  perform  his  duties  with  the 
seat  in  place.  Before  he  can  load  a  round,  he  must  remove  the  seat  and  place 
it  in  a  stowage  rack  on  the  turret  wall.  Doing  so  in  a  combat  situation 
would  cause  too  much  delay;  so  he  would  most  likely  flip  it  onto  the  floor 
behind  the  breech  where  it  would  soon  be  bent  and  become  inoperable,  leaving 
him  without  a  seat.  There  should  be  a  better  method  of  removing  the  seat,  pos¬ 
sibly— if  a  flatter  seat  were  used — a  dump  arrangement  which  would  immediately 
drop  the  seat  flush  with  the  turret  basket  wall. 

His  seat  is  the  only  platform  available  for  the  loader  to  stand  on  when 
he  is  operating  with  his  head  out  of  the  hatch.  It  should  therefore  be 
rugged  and  large  enough  to  stand  on  safely.  The  present  seat  is  too  small 
for  this  parpose,  and  the  support  bar  is  not  strong  enough  to  support  the 
loader’s  weight  during  operation.  Most  of  the  seats  have  already  been 
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bent  down  out  of  position. 

Turret  Traverse  Lock,  Before  traversing  the  turret,  the  tank  coranander 
oi‘  gunner  imxst  check  that  the  turret  lock  is  off.  In  previous  turrets  this 
lock  has  been  located  between  the  tank  commander  and  gunner  where  it  could 
be  easily  checked  and  where  it  served  as  a  fair  rerdnder  to  perform  the  check. 
Despite  its  location,  the  turret  was  scnetlmes  operated  with  the  lock  on. 

In  the  M60  the  lock  is  located  in  the  loadt^r^s  section  vdiere  it  is 
usually  not  visible  to  the  gunner,  and  the  tank  commander  always  has  to 
make  a  verbal  check  before  the  turret  is  traversed.  This  check  may  be  con¬ 
sidered  a  safety  factor,  which  prevents  injury  to  the  loader  by  unexpected 
turret  traverse;  it  nevertheless  takes  time  and  invites  error.  There  have 
been  many  attempts  to  traverse  the  turret  in  power  while  the  lock  was  on. 

Also,  in  its  present  position  the  lock  cannot  be  operated  when  the  HE  or  HEP 
round  is  in  the  vertical  stowage  rack  nearest  the  lock.  This  condition  either 
limits  using  the  lock  or  decreases  the  possible  ammunition  load.  It  would 
therefore  be  advisable  to  relocate  the  turret  lock  in  its  previous  position. 

If  equipment  mounted  along  the  turret  ring  between  the  tank  commander  and 
the  gunner  cannot  be  adjusted  to  provide  space  for  the  lock,  adopting  the 
smaller  lock  type  used  in  the  MU8  should  be  considered, 

Replenisher  Cylinder  Indicator  Tape,  Before,  during,  and  after  firing, 
the  loader  should  check  the  indicator  tape  marking  to  insure  the  correct  fluid 
level.  With  the  tape  in  its  present  position,  the  markings  are  not  visible  to 
the  loader  (as  shown  in  Figure  12),  and  when  the  ammunition  racks  are  full,  the 
markings  cannot  be  readily  checked  by  feel.  However,  if  the  replenisher 
cylinder  were  moved  several  inches  to  the  right,  the  loader  would  have  an 
unobstructed  vie\.'  of  the  tape  markings. 

Suggested  Periscope.  Dvu’ing  operation  in  a  combat  area,  all  crew  members 
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Figure  12: 

Loader's  View  of  Replenisher 
Cylinder  Indicator  Tape 


ahould  help  the  tank  canmandor  search  the  terrain  for  possible  enemy  locations. 
Such  a  procedure  increases  the  probability  that  enemy  targets  will  be  detected 
as  early  as  possible*  n  the  past  such  operations  wei^  performed  with  the 
hatches  open,  and  the  hatches  were  closed  only  when  the  tank  cams  under  enemy 
fire  or  >dien  enemy  fire  was  probable.  In  this  situation  the  loader  could 
frequently  use  the  opened  loader’s  hatch  as  an  observation  point.  With  the 
increasing  expectation  of  long  periods  of  operation  while  the  hatch  is  closed, 
the  loader  can  no  longer  be  used  to  hslp  detect  targets,  and  detection  proba¬ 
bility  mi^t  decrease  accordingly. 

Also,  many  studies  have  indicated  that  rather  severe  motion  sickness 
results  after  only  short  periods  of  riding  in  vehicles  vjhen  visual  contact 
with  the  surround  is  not  maintained.  Thus,  loader  performance  in  the  present 
turret  could  be  expected  to  decrease  durjLng  operation  with  the  hatches  closed. 

It  is  suggested  that  a  periscope  be  made  available  to  the  loader  to 
alleviate  both  of  these  conditions.  An  adjustable  periscope,  such  as  the 
driver’s  infrared  periscope j,  mounted  in  the  loader’s  hatch,  would  be  advan¬ 
tageous  if  it  could  be  designed  so  as  not  to  interfere  with  the  loader’s 
movements  (e.  g,,  a  collapsible  mirror  base). 

Oas  Mask  Connection.  The  connection  for  the  loader’s  gas  mask  is  located 
under  the  breech  of  the  main  gun.  Connection  at  this  point  may  hamper  the 
loader’s  performance.  The  hose  interferes  with  ammunition  handling,  and  there 
is  constant  danger  that  the  hose  will  become  entangled  in  some  part  of  the 
breech.  If  it  were  entangled,  the  hose  would  be  torn  or  would  pull  the 
loader  into  the  breech  during  recoil,  A  study  should  be  made  of  possible 
positions  on  the  turret  wall  or  ceiling,  to  detemuj  ;  most  efficient  and 
safe  connection  point. 

Loader’s  Hatch.  The  loader’s  hatch  is  a  semicircle  22.5  inches  across 
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the  base,  and  35  inches  in  radius.  This  size  is  rifficient  for  normal  use,  but 
it  would  be  very  restrictive  for  a  soldier  in  arctic  clothing.  The  hatch  should 
be  enlarged  to  afford  entry  and  exit  under  all  expected  clothing  conditions. 

Entry  and  exit  are  also  han^red  the  lack  of  handholds  and  steplike 
projections  in  this  area.  Movement  through  the  hatch,  especialiy  when  the 
loader ^s  seat  is  stowed,  is  slow  and  awkward.  It  is  recommended  that  handholds 
mounbed  outside  the  turret,  and  a  small  step  on  the  turret  wall,  be  provided. 

The  hatch  cover  is  hinged  in  such  a  way  that  the  loader  must  grasp  it 
near  thvs  far  end  and  exert  considereable  force  to  close  it.  The  amount  and 
time  of  bodj’-  exposure  during  this  operation  is  excessive.  Furthermore,  the 
lack  of  a  handle  on  the  under  side  of  the  cover,  and  of  body  suppoi't  for  the 
loader  in  this  position,  makes  it  likely  that  he  will  fall  back  into  the  turret, 
bang  his  head  with  the  closing  cover,  or  smash  his  fingers  under  it.  This 
cover  should  be  redesigned  to  provide  better  balance  and  a  handle  for  closing. 
Gunner *3  Section; 

Work  Space,  The  work  space  provideu  for  the  guiuier  is  extremely  limited. 
(See  Figure  13.)  The  gun  shield  is  only  a  few  inches  from  his  left  elbow.  The 
ballistic  canputer  is  flush  against  his  right  hip.  He  can  lean  back  only 
slightly  because  the  tank  commander’s  knees  are  directly  behind  his  back  and 
the  range  findez*  is  behind  his  head.  And  he  cannot  move  very  far  forward, 
for  equipuent  is  mounted  directly  in  front  of  him.  Restricted  to  this  position, 
he  would  suffer  from  fatigue  and  cranq)ed  muscles  after  even  short  periods  of 
operation.  The  resulting  decrement  in  speed  and  accuracy  of  manual  performance 
should  be  significant.  It  would  be  very  costly  to  relocate  equipment  in  the 
present  turret,  and  to  modify  linkages  and  connectionsj  but  sufficient  operating 
space  for  the  gunner  should  be  a  primary  consideration  in  planning  equipment 
layout  for  future  turrets. 
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work  bpace  Provided  for  the 
Gunner 


Entry  to  the  gunner  *s  position,  and  exit  from  it,  are  extremely  diffictdt* 
Gunners  often  support  themselves  by  holding  on  to  the  range  finder,  conceivably 
throwing  the  instrument  out  of  adjustment.  Modifications  reoommended  later 
for  the  gunner  and  taiik  commander  seat  assemblies  should  increase  the  ease  of 
entry  and  exit. 

The  support  which  is  provided  for  the  gunner *s  legs  by  the  footrest  is 
inadequate.  A  larger  footrest  which  gives  more  support,  particularly  to  the 
right  foot,  should  be  provided. 

Gunner »s  Seat.  The  wire  mesh  seat  provided  for  the  gunner  exemplifies  all 
the  inadequacies  specified  for  this  type  of  seat  in  the  driver *s  compartment. 
The  seat  is  also  difficult  for  one  man  to  raise  and  lower,  but  it  would  seldom 
have  to  be  adjusted,  since  it  would  require  a  vertical  change  only  when  gunners 
are  changed. 

The  seat  and  the  backrest  hamper  entry  to  the  gunner’s  position  and  exit 
from  it.  It  is  recommended  that  a  dump- type  backrest  or  a  swivel  seat  be 
considered. 

The  present  backrest  is  not  adjustable  enough  vertically  to  provide 
adequate  support  for  the  gunner.  A  longer  post  which  permits  higher  adjustment 
should  be  used. 

Persicope  M31,  Infinity  Sight  MbUC,  and  Telescope  MIO^C.  The  height  and 
mounting  angle  of  all  the  sights,  and  their  distance  from  the  gunner,  provide 
him  a  good,  ccxnfortable  view.  However,  the  tanker’s  helmet  cannot  be  worn  when 
the  gunner  is  using  the  sights  because  the  brow  pads  interfere.  All  brow  pads 
should  be  redesigned  for  use  with  the  tanker’s  helmet. 

The  brow  pad  for  the  infinity  sight  and  the  M31  periscope  does  not  slide 
easily  frcsn  one  sight  to  the  other.  But  the  left  side  of  the  brow  pad  could 
be  shortened  about  one  inch  and  left  in  position  for  use  with  the  M3'’  periscope. 
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In  this  position  it  would  not  block  vision  through  the  infinity  sight  and  could 
still  be  used  as  a  forehead  rest  in  using  this  sight. 

Glasses  cannot  be  worn  to  view  through  the  periscope  because  of  the  set  eye 
relief  distance.  Nor  is  the  range  of  diopter  adjustment  great  enough  for  mer 
who  wear  glasses.  This  problem  is  canmon  to  most  sights  now  in  use,  and  its 
importance  for  good  gunnery  suggests  that  a  prorpt  solution  is  necessary. 

Gunner  *s  Control  Assembly.  The  control  assembly  is  mounted  to  the  right 
of  the  midline  of  the  gunner *s  seat,  directly  under  the  periscope.  This  position 
requires  a  disaymmetry  of  movement  of  the  gunner *s  arms  in  tracking.  In  using 
the  telescope,  the  gunner  must  lean  to  the  left  for  viewing  and  reach  to  the 
right  with  both  hands  to  operate  the  control  handles.  If  the  control  handles 
viere  mounted  along  the  midline  of  the  seat,  the  resulting  symmetry  would,  if 
anything,  increase  the  precision  of  tracking  with  the  peidscope,  and  the  ease 
and  precision  of  tracking  with  the  telesccpe. 

The  width  of  the  control  handles,  including  tlie  brake  release,  is  about 
2,5  inches  too  large  to  affoixi  a  good,  comfortable  grip.  It  is  recommended 
that  the  width  of  the  control  assembly  handles  be  reduced  to  about  2  inches. 

Many  studies  have  indicated  the  superiority  of  a  trigger  operated  by 
the  thumb  over  one  operated  by  any  other  finger.  In  depressing  a  trigger  with 
the  index  finger,  there  is  a  tendency  to  jerk  the  control  and  to  alter  its 
position  (i,  e,,  gun  elevation  with  the  present  control  assembly).  This 
tendency  has  been  shown  to  be  less  when  the  trigger  is  depressed  with  the 
thumb.  It  is  therefore  recommended  that  a  thumb  trigger  be  used  with  the 
control  assembly. 

Elevation  Hand  Pump.  Controls  which  must  be  operated  from  a  fixed  operator 
position,  as  when  the  gunner  views  through  the  sights,  should  be  within  an 
arc  of  28  inches  measured  from  the  individual's  shailder  position.  The  position 
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iif  the  elevation  hand  pump  is  now  located  too  far  frcai  the  gunner j  this  distance 
requires  maxinium  reach  for  must  gunners,  so  that  the  arm  is  almost  fully 
extended  at  the  far  side  of  the  arc.  (See  Figure  ll;.)  At  this  point  the  gunner 
can  apply  very  little  leverage  to  the  ^uir^  and  cannot  maintadn  continuous  smooth 
operation.  At  its  present  height  the  control  also  hits  the  gunner’s  knee;  he 
is  therefore  required  to  move  his  leg  to  the  left  during  operation.  If  the 
control  were  moved  closer  to  him,  his  leg  would  give  much  more  interference 
during  operation  There  is  room,  however,  to  raise  the  pump  handle.  The  control 
handle  should  therefore  be  positioned  so  that  the  far  arc  is  no  more  than  28 
inches  from  the  gunner’s  shoulder,  and  so  that  the  bottom  arc  of  the  hand  clears 
the  gunner’s  leg. 

The  resistance  offered  by  the  pump  is  too  great  for  its  3.5>-inch  radius; 
either  it  should  be  reduced  or  the  radius  of  operation  should  be  increased.  The 
radius  -  force  relation  necessary  for  smooth,  precise  operation  should  be 
determined. 

The  configuration  of  the  pianp  handle  and  its  mode  of  operation  are  awkward. 
Also,  the  handle  turns  freely  so  that  it  may  ccme  to  rest  with  the  firing  button 
in  any  positica^.  This  condition  requires  the  gunner  to  position  the  handle 
before  gripping  it,  A  handle  which  more  closely  conforms  to  the  normal  grasp 
(as  illustrated  in  Figure  l5),  and  one  >diich  is  weighted  so  as  to  remain  in  a 
ready  position,  should  be  used. 

Hand  Traversing  Assemb'i;’-.  The  hand  traversing  assembly  also  requires  too 
much  force  for  precise  tracking  and  laying,  considering  the  pi'esent  operating 
radius.  The  radius  -  force  relation  determined  for  the  elevation  hand  pump 
should  also  be  used  for  the  hand  traversing  assembly. 

Operation  of  the  crank,  in  its  present  location  and  plans  of  movement,  is 
hampered  by  its  proximity  to  the  ballistic  computer.  During  normal  operation 
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Figure  14: 

Gunner's  Operating  Position 
Showing  Relative  Control  Locations 
and  Proximity  to  the  Tank 
Commander's  Station 
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Figure  15s 

Suggested  Designs  for  Manual 
Elevating  Handle 


the  gunner *s  elbow  locks  against  the  araminition  selector  handle.  (See  Figure 
16.)  This  condition  forces  the  gunner  to  operate  with  his  elbow  lowered,  in¬ 
creasing  the  difficulty  of  t\aming  the  crank  smoothly  and  precisely.  Since 
the  space  available  precludes  relocation  of  the  assembly,  a  different  plane  cf 
movement  should  be  adopted* 

Power  Switch  Box.  As  most  gunners  cerate  these  switches  with  the  left 
hand,  the  switches  are  mounted  on  the  box  in  reverse  order  of  frequency  of  use. 
The  switch  used  most  frequently,  turret  power,  should  be  on  the  left,  and  the 
one  used  least  frequently,  machine  gun,  cm  the  right. 

The  box  is  poorly  lighted,  and  the  switches  are  fairly  close  together  so 
that  mistakes  in  switch  selection  might  be  made  easily  during  operation  under 
rechiced  illumination.  Coding  by  size  or  shape  would  clecrease  the  possibility 
of  error. 

Ballistics  Computer  M13AID.  The  ballistics  computer  is  too  close  to  the 
gunner’s  side,  and  too  far  back  to  be  operated  with  ease.  (See  Figure  16.) 

The  gunner  must  turn  to  the  right  and  lean  back  to  operate  the  ammunition 
selector  handle,  and  must  assume  a  very  awkward  position  to  read  the  dial.8. 

The  superelevation  dial  is  especially  difficult  to  read.  The  ccwiputer  should 
be  located  farther  forward,  and  angled  towards  the  normal  line  of  sight  in  a 
position  which  would  facilitate  operating  the  controls  and  reading  the  dials. 

The  superelevation  dial  has  too  few  calibrations.  It  is  calibrated  in  even 
tenths,  whereas  odd  tenths  must  also  be  read.  Also,  there  is  no  immediate 
indication  as  to  whether  the  tenths  scale  should  be  read  up  or  down.  Since  the 
dial  is  not  xised  frequently,  even  experienced  guimers  have  difficiilty  reading 
it.  A  dial  with  precise  calibrations  and  directional  indicators  should  be 
designed. 

The  superelevation  hand  crank  must  be  held  in  while  it  is  being  rotated, 
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Figure  16: 


interference  of  Aiainunition 
Selector  Handle  with  (lonner 
Operation  of  Hand  Traveraing 
Assembly 


It  is  difficult  to  turn  through  the  vertical  plane  and  at  the  same  time  apply 
force  in  the  horizontal  plane.  The  force  required  increases  as  the  crank 
stiffens  with  use.  A  large  hand  knob  with  a  detent  button  would  greatly  improve 
the  speed  and  ease  of  operation. 

Azimuth  Indicator.  The  azimuth  indicator  is  mounted  parallel  to  the  floor, 
rather  than  perpendicxilar  to  the  gunner ‘s  line  of  sight.  Hence  there  is  some 
error  due  to  visual  parallax,  and  the  control  knob  blocks  the  view  of  part  of 
the  inner  dial.  Vision  is  also  obstructed  by  the  linkage  for  the  commander’s 
control  handle,  and  by  the  computer  circuit  breaker.  Both  parallax  error 
and  obstruction  would  be  reduced  if  the  indicator  were  mounted  farther  forward, 
perpendicular  to  the  gunner’s  line  of  sight. 

Elevation  Quadrant  M13.  Illumination  of  the  quadrant  is  ver;*^  poor,  A 
mirror,  mounted  between  the  light  and  the  level  vial,  blocks  all  light  to  the 
vial  and  a  flashli^t  is  needed  to  read  the  quadrant,  (See  Figure  17.)  The 
ballistic  drive  light  assembly  should  be  moved  to  a  position  where  it  fully 
illuminates  the  level  vial. 

Since  the  quadrant  is  located  at  seme  distance  from  the  gunner,  the  level 
vial  bubble  is  difficult  to  see.  It  would  be  easier  to  read  if  a  mirror 
which  would  magnify  the  image  were  used. 

There  is  considerable  confusion  in  reading  the  micrometer  scale  of  the 
quadrant,  because  both  plus  and  minus  readings  are  taken  from  the  same  scale 
markings.  The  quadrant  should  have  two  dials,  one  to  the  left  for  minus  end 
one  to  the  right  for  plus,  corresponding  to  the  plus  and  minus  of  the  elevation 
scale. 

Portable  Fire  Extinguisher.  The  extinguisher  is  located  under  the  gunner’s 
seat  where  it  is  difficult  to  reach  and  release.  It  should  be  mounted  in  a 
position  which  is  readily  accessible  zo  both  gunner  and  tank  commander. 
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Tank  Commander Section; 

Iriork  Space »  1^  virtue  of  his  location  above  the  main  armament,  the  tank 
ccsnmander  has  sufficient  space  for  movement.  Since  his  position  in  this  area 
is  determined  by  the  location  of  the  seat  assembly,  deficiencies  in  the  area 
primarily  involve  seating. 

Tank  Commander *s  Seat  Assembly.  The  wire  mesh  seat  provided  for  the  tank 
commander  suffers  from  all  the  inadequacies  specified  above  for  the  driver >3 
seat.  Also,  the  seat  and  platform  are  so  far  forward  that  when  he  is  seated 
the  oomraander's  knees  are  in  the  gunner’s  back.  (See  Figures  13  and  18.)  Both 
the  seat  and  platform  are  forward  from,  the  cupola  hatch  so  that  the  commander 
does  not  have  a  firm  footing  on  either,  during  operation  with  the  hatch  open, 
head  out,  ^See  Figure  19.)  There  is  enough  room  behind  the  commander  to  move 
his  seat  back  several  inches,  allowing  more  room  between  him  and  the  gunner, 
placing  the  seat  directly  under  the  cupola  hatch,  and  decreasing  inteid^erence 
from  the  seat  when  he  stands  on  the  platform. 

Vertical  adjustment  of  the  seat  is  sufficient  for  use  with  the  range 
finder  (the  lean  required  is  not  extreme,  ccnsidering  the  short  periods  of 
range  finder  operation).  Vertical  seat  adjustment  is  also  sufficient  for 
use  with  cupola  periscope  and  vision  blocks.  However,  when  the  seat  is  ad¬ 
justed  to  the  highest  position,  the  commander  cannot  see  over  the  top  of  the 
cupola,  and  must  stand  to  observe  during  operation  with  the  hatch  open.  (See 
Figure  20.)  Standing  is  very  wiring  and  results  in  decreased  efficiency.  If 
a  seat  were  provided,  however,  it  would  have  to  be  possible  to  lower  it  easily 
and  quickly  if  the  tank  came  under  fire.  This  requirement  will  be  referred 
to  later  in  relation  to  the  backrest. 

The  commander’s  platform  is  of  little  help.  It  is  2h.5  inches  below  the 
seat  so  that  only  he  man's  toes  ioi:.ch  it,  (See  Figure  18.)  At  its  highest 
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position,  the  commander  can  barely  see  over  the  top  of  the  cupola  and  cannot 
see  terrain  close  enough  to  the  front  of  the  tank  to  Jiid  the  driver  during 
night  operation,  (See  Figure  21.)  It  is  therefore  reccarmended  that  the  plat- 
fonii  be  moved  to  16  -  18  inches  below  the  seatj  at  tlds  distance  the  platfoiro 
would  provide  support  for  the  feet.  Also  the  added  six  to  eight  inches  in 
maximum  height  would  aid  the  commander  during  operation  with  ttie  hatch  open. 

The  adjustment  mechanism  for  the  seat  assembly  is  very  difficult  to  operate, 
and  the  seat  handle  interferes  with  standing  on  the  platform,  (See  Figure  22,) 
The  cctnmander  must  be  off  of  the  seat  and  platfom  before  they  can  be  raised, 
and  should  be  off  of  them  when  they  are  lowered.  Furthermore,  the  locking  pin 
does  not  insert  securely;  it  is  apt  to  release  when  the  commander's  weight  is 
applied  to  it.  Again,  supports  for  the  seat  and  platform  are  not  sturdy  enough 
to  withstand  the  force  applied  over  rough  teirain.  Both  seat  and  platform  are 
likely  to  bo  bent  down.  It  is  therefore  recommended  that  a  method  be  devised 
to  raise  and  lower  tlie  seat  assembly  while  the  commander  is  on  it,  that  the 
assembly  be  rugged  enough  to  withstand  the  forces  exerted  during  cross-ccrontry 
operation,  and  that  there  be  a  means  of  locking  it  safely  in  position. 

The  commander's  backrest  is  of  little  use;  in  its  present  position  it 
provides  support  only  during  range  finder  operation.  When  he  is  using  the  cupola 
periscope  it  is  far  behind  the  canmander's  back;  so  that  it  tilts  forward,  and 
could  cause  serious  back  inj-ury  during  firing,  (See  Figure  23.)  During 
operation  with  the  hatch  open  and  the  commander's  head  out,  the  backrest  is  too 
low  to  provide  support,  (See  Figure  20,)  Furtheimore,  the  backrest  must  be 
placed  in  a  stowed  position  whenever  the  commander  wishes  to  raise  the  seat 
level  or  fold  up  the  seat,  (See  Figure  21,) 

The  present  backrest  serves  virtually  no  puipose,  but  probably  should  not 
be  eliminated  altogether.  Riding  for  an  extended  time  without  back  support  can 
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be  very  tlidaig.  It  would  seem  advisable  that  a  new  backrest  be  designed  which 
can  be  raised  and  lowered  with  the  seat  and  adjusted  in  relation  to  it.  It 
would  also  be  useful  to  design  the  backrest  so  that  it  could  be  locked  in  a 
horizontal  position  to  use  as  a  seat  during  operation  with  the  hatch  open. 

Commander »s  Control  Handle.  The  commander *s  control  handle  is  poorly 
located  for  operation  froti  any  of  the  three  positions  the  commander  assumes. 
First,  when  he  is  using  the  range  finder,  the  commander  must  lean  far  forward 
so  that  the  haixdle  is  close  to  his  sho\jlder,  and  movements  to  Increase  elevation 
must  be  made  by  twisting  his  elbow  around  behind  his  back.  (See  Fig'jre  18.) 

The  result  is  jerky  and  in5)recise  tracking.  The  position  of  the  handle  is 
most  satisfactory  when  the  commander  is  in  the  second  position,  for  viewing 
through  the  cupola  ports  and  periscope.  (See  Figure  2li.)  In  this  position, 
the  handle  is  near  his  elbow  level,  but  because  of  the  limited  movement  of  the 
wrist  in  abduction  as  compared  with  adduction,  the  handle  would  be  easier  to 
operate  if  it  were  mounted  higher  in  the  turret.  (See  Figure  25.)  For  the 
third  position,  head  out,  during  operation  with  the  hatch  open,  the  top  of 
the  handle  is  at  the  limit  of  the  connander’s  reach.  (See  Figure  26.)  It 
would  therefore  be  advisable  to  locate  the  handle  where  it  is  easily  accessible 
fi'on  any  operating  position.  Raising  it  about  eight  incr's  would  place  it 
where  it  could  be  operated  with  little  difficulty  from  all  three  positions. 

Again,  the  use  of  a  thumb-operated  trigger  would  increase  the  accuracy 
of  handle  operation. 

Also,  scans  of  the  ccvitrol  handles  have  weak  springs  which  let  them  fall 
over  to  the  left  instead  of  holciing  them  upright.  In  this  position,  they  are 
easy  to  step  on  by  anyoriS  who  enters  thrcrugh  the  ccanmander’s  hatch.  The 
result  might  be  broken  handles  or,  if  the  turret  power  is  on,  slewing  the 
turret,  letter  quality  control  would  insure  that  springs  of  sufficient 
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figure  24: 
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Figure  25 


Figure  25: 

Adduction  and  Abduction  at  the  Wrist 
in  Relation  to  x.he  Positioning 
Requirenents  of  the  TC's 
Control  Handle 


strength  are  used  in  these  handles. 

Tank  Caninander*s  Cupola.  The  elevating  handle  in  the  cupola  is  hard  to 
operate.  This  type  of  control  results  in  jerky  movement  and  binding.  A  handle 
of  better  design  should  be  used. 

The  cupola  traversing  handle  is  not  long  enough  to  acccnimodate  the 
average  hand  width,  and  the  end  plate  is  much  larger  than  is  necessary.  The 
only  purpose  of  the  plate  is  to  hold  the  hand  in  place;  in  doing  so  the  plate 
interferes  with  operation  of  the  handle.  A  knobbed  handle  or  one  of  different 
design  should  be  used. 

Equipment  External  jto  the  Hullt 

While  the  primary  objective  of  this  study  was  concerned  with  crew 
operation  within  the  driver’s  compartment  and  turret,  some  comments  referenced 
to  external  equipment  were  made;  they  are  reported  here  for  information  to 
those  interested. 

Exterior  Interphone  Connection.  The  phone  is  supplied  with  six  feet  of 
line;  but  most  uses  would  require  a  longer  line  (e.  g.,  a  spotter  should  stand 
at  least  ten  feet  to  the  side  of  the  tank,  because  of  obscuration).  A  longer 
line  should  be  supplied. 

End  Connectors.  The  hull  and  tow  hooks  block  access  to  the  end  connectors 
on  the  hull  side  of  the  track.  These  connectors  are  only  accessible  one  at  ■"j. 
time,  near  the  road  wheel  rather  than  the  ccnqjensating  idler  wheel  as  prescribed 
in  TM  9-2350-215-10  (p,  11^3).  The  use  of  reverse  wedges,  if  they  are  practicable, 
would  alleviate  this  condition. 

Headlight  Mounting  Bracket.  The  brackets  reflect  light,  causing  a  glare 
which  interferes  with  viewing  and  increases  eye  fatigue.  Brackets  should  be 
backed  vrLth  a  noiuref looting  material. 

Tail  Lights.  The  increased  smoke  frcxti  the  diesel  engine  obscures  the 


30 


tall  lights,  particularly  durijig  black-out  driviDg.,  This  condition  Is  a 
safely  hazai'd,  particularly  durliig  a  column  formation*  Tall  lights  should  be 
located  higher  on  the  hull  vhere  they  vill  not  be  obscured  ly  diesel  eidiaust. 

Alumlggn.  Aluminum  parts  are  not  considered  satisfactory  >diere  heavy 
impact  can  be  expected.  Aluminum  stowage  boxes  and  fenders  bend  and  tear 
easily.  Bends  are  difficult  to  straighten  as  the  metal  tears  if  it  is  rebent 
cold  and  buckles  if  it  is  heated.  Welds  are  not  holding;  apparently  personnel 
or  facilities  for  welding  at  battalion  level  are  insufficient.  On  some  tanks, 
fenders  are  slivering  when  they  are  hit  by  the  track  end  connectors,  aiui  these 
slivers  could  out  a  man  badly  if  he  brushed  against  them. 

It  was  felt  that  both  the  boxes  and  fenders  could  be  made  of  steel 
without  a  significant  increase  in  weight.  If  not,  bcoces  could  be  braced 
with  steel  rods,  and  fenders  could  be  skirted  with  steel  channeling  similar  to 
that  used  or.  the  Mt;8. 

Seals  on  Stowage  Boxes.  The  8i:ials  for  stowage  boxes  mounted  on  the 
fenders  are  not  tight.  Dust  and  water  filter  into  the  boxes. 

Track  Connecting  Fixture.  The  fixture  is  mounted  on  the  left  rear  fender. 

During  operation.  It  becomes  covered  with  dirt  and  must  be  cleaned  after  every 
qperatlon.  It  was  felt  that  a  protective  container  should  be  supplied  for 
stowing  the  fixture. 

APPLICATION  OF  RESULTS 

The  Results  reported  above  were  presented  for  consideration  by  the  M60 
Task  Force  in  October  I960.  The  presentation  resulted  in  the  establishment  of  , 

an  advisory  groip  whose  mission  was  to  assist  OTAC  and  Ordnance  in  correcting 
the  deficiencies  noted.  The  advisory  group  consisted  of  representatives  from 
the  Armor  Human  Research  Unit,  the  Armor  Board,  and  the  Armor  School. 
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Subsequent  group  meetings  iS)  and  work  sessions  held  with  Chrysler  and 
OT&C  resulted  in  the  fabrication  of  new  mock>\q)s  of  a  driver  *s  ccnpartinent 
and  turret  coii^)artment.  The  mock-ups  reflected  changes  in  the  braking  system^ 
interior  lighting^  periscope  adjustments,  location  and  type  of  controls, 
location  of  indicators  and  panels,  seats  and  seating  arrangements,  amnunition 
stowage,  addition  of  a  loader *s  periscope,  and  stowage  of  OEM  and  err  j  equip¬ 
ment* 

The  mock-ups  were  reviewed  by  C(MRC  during  the  OlAC  Week-Project  Review 
(5-8  December  I960),  and  it  was  agreed  to  accept  for  future  production  models 
the  changes  recemmended  (lii)* 
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Hundn  Factors  Check  list  for  the  M60  Tank 

I.  DRIVER»S  SECTION 


A,  Work  Space; 

!•  Is  there  sufficient  space  for  the  driver  to  perform  his  job  duties 
effectively  over  extended  operating  pez*iods? 

2,  Is  there  sufficient  space  for  the  driver  to  perform  his  job  duties 
effectively  idien  vearing  arctic  clothing? 

3.  \re  there  any  projections  from  the  Imll  or  turret «  other  than  equipment ^ 
that  might  interfere  wi-Ui  normal  operation  or  be  considered  a  safety  hazard? 

U*  Are  there  any  noxious  fumes  during  operation  that  might  decrease 
performance? 

5*  Is  there  excessive  dust  during  operation  that  might  decrease  performanoo? 

6.  Is  the  work  space  protected  from  mud  thrown  up  by  the  tracks? 

7«  Is  the  work  space  occupied  during  ruibuttoned  operation  protected  frcan 
extensions  from  the  turret? 

8*  Is  space  provided  for  storing  canteens^  arctic  clothing,  etc,? 

9*  Other  deficiencies; 

B,  Driver <8  Seat; 

!•  Does  the  shape  and  size  of  the  seat  cushion  provide  comfortable  svqpport 
for  the  body  for  extended  periods  of  operation? 

2*  Does  the  seat  cushion  absorb  movement  and  fixing  shock? 

3*  Does  the  seat  cushion  absorb  engine  vibration  that  interferes  with 
visual  or  manual  operating  requirements? 

U*  Does  the  shape  and  size  of  the  backrest  provide  comfortable  support? 

5*  Is  the  backrest  on  a  pivot  permitting  fitting  to  the  driver's  back 
as  he  changes  position? 

6.  Can  all.  seat  and  backrest  adjustments  be  made  quickly  and  easily 
during  operation  and  without  requiring  the  use  of  special  tools? 

7*  Do  the  adjustix^g  knobs  and  pins  secure  the  seat  under  maximum  e^cted 
shock  during  operation? 

6.  Is  the  minimum  height  adjustment  of  the  seat  low  enough  to  permit 
normal  operation  of  foot  pedals  by  all  drivers? 

9*  Is  the  minimum  height  adjxustinent  of  the  seat  low  enough  to  pennit 
head  clearance  for  all  drivers  ^en  wearing  the  tanker's  helmet  during 
buttoned-up  operation? 

10.  Is  the  maximum  height  adjustment  of  the  seat  high  enough  to  permit 
normal  unbuttoned  operation  by  all  drivers? 

11«  Is  the  number  of  height  adjustments  for  the  seat  enough  to  accoimnodate 
all  dxdvers  in  relation  to  vision  devices  and  operating  controls? 

12,  Is  the  range  of  adjustments  for  the  backrest  enough  to  provide  comfortable 
support  for  ell  d?:dvers? 

13*  Is  the  range  of  fore  and  aft  adjustments  of  the  seat  enough  to  allow 
all  drivers  comfortable  access  to  all  controls  and  vision  devices? 

li;*  Other  deficiencies: 

C,  Periscope  M27; 

1.  Is  the  height  of  the  periscopes  near  the  eye  level  of  the  driver  in 
his  normal  buttoned-up  positicHi? 
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2.  Are  the  periscopes  located  at  a  distance  from  the  driver  that  allows 
full  viewing  without  requiring  anor  change,  other  than  head  movement,  in  the 
driver’s  normal  seated  position? 

3.  Do  any  pieces  of  equipment  inside  the  turret  interfere  with  direct 
viewing  through  the  periscopes? 

U.  Do  any  pieces  of  equipment  outside  the  turret  obstruct  the  field  of  view? 

5.  Is  the  horizontal  and  vertical  field  of  view  sufficient  for  daytime 
buttoned'iq}  driving? 

6.  Is  the  horizontal  and  vertical  field  of  view  sufficient  for  night  black¬ 
out  driving? 

7«  Do  any  lights  glare  on  the  inside  face  cf  the  periscopes  thereby 
interfering  with  viewing? 

8.  Are  the  external  windows  of  the  periscopes  adequately  protected  from 
rain  and  accumulations  of  dust  or  mud? 

9*  Can  all  periscope  heads  be  replaced  quickly  and  easily? 

10.  Do  any  other  pieces  of  equlpsnent  Interfere  with  the  operations  necessary 
to  replace  aiy  periscope  head? 

11.  Other  deficiencies: 

D.  Periscope  M2U  (Infrared); 

1.  Can  the  M2ii  periscope  be  Installed  quickly  and  easily? 

2.  Do  any  other  pieces  of  equipment  interfere  with  installation? 

3.  Is  the  brow  pad  centered  perpendicular  to  the  center  of  the  driver’s 
seat? 

2;.  Is  the  brow  pad  located  at  a  distance  from  the  driver  that  allows 
viewing  without  requiring  him  to  lean  forward  over  a  distance  that  causes 
postural  strain  during  long  qperatirg  periods  or  that  interferes  with  other 
activities  such  as  steering  or  shifting? 

5.  Can  the  brow  pad  be  adjusted  for  comfortable  viewing? 

6.  Does  the  brow  pad  absorb  engine  vibration? 

7.  Does  the  brow  pad  absorb  vehicle  movement  and  firing  shock? 

8.  Does  aiy  other  piece  of  equipment  interfere  with  making  focus  adjustments? 

9.  Do  any  pieces  of  equipment  outside  the  turret  obstruct  the  field  of  view? 

10.  Is  the  horizontal  arui  vertical  field  of  view  sufficient  for  acceptable 
driving  speed  and  accxuracy? 

11.  Does  the  periscope  provide  sufficient  visibility  for  acceptable  driving 
speed  and  accuracy? 

12.  Can  the  periscope  be  used  when  wearing  the  tanker's  helmet? 

13.  Other  deficiencies: 

Gage  Panel,  Tachometer,  Odometer; 

1.  Is  the  angle  of  sight  to  dials  and  warning  lights  satisfactory  when 
driving  buttoned-up  and  unbuttoned? 

2.  Does  any  piece  of  equipment  obstruct  the  view  of  any  dials  or  warning 
lights  when  driving  buttoned-up  or  unbuttoned? 

3.  Are  all  dials  labeled  meaningfully? 

U.  Are  all  dials  adequately  Illuminated? 

5.  Can  all  dials  be  read  quickly? 

6.  Can  all  dials  be  read  accurately? 

7.  Are  dial  markings  legible  under  daylight,  white  light,  red  light? 
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8*  Does  glare  from  other  light  scFurces  interfere  with  dial  reading? 

9.  Are  any  dials  calibrated  more  accurately  than  necessary? 

1(J.  Are  danger  points  on  dials  cJoai'ly  indicated? 

Ill  Are  changes  in  dial  indicatioi  eagy  to  detect? 

12 «  Is  the  illumination  of  warning  lights  noticeable  under  red  light? 

13.  Other  deficiencies; 

F.  Master  Control  Panel; 

1.  Are  controls  located  within  noraal  reach  distaxice  of  the  driver  in  the 
buttoned-up  and  unbuttoned  position? 

2.  Do  aiy  other  pieces  of  equipment  obstruct  access  to  any  controls  when 
driver  is  in  buttoned-up  and  unbuttoned  position? 

3.  Is  control  panel  iUumination  adequate? 

U.  Are  control  functions  clearly  labeled? 

Are  control  positions  clearly  labeled? 

6.  Is  all  labeling  visible  under  daylight^  white  light,  and  red  light? 

7.  Are  any  controls  located  idiere  ttiey  are  likely  to  be  operated 
accidentally  while  performing  other  operations? 

8.  Is  enough  space  allowed  between  controls  so  that  controls  aren’t 
operated  accidentally  idien  reaching  for,  or  operating,  another  control? 

9.  Is  enough  space  allowed  between  controls  so  that  controls  won’t  be 
operated  accidentally  when  reaching  for,  or  operating,  another  control  when 
the  driver  is  wearing  arctic  mittens? 

10.  Can  controls  be  operated  easily? 

11.  Is  the  illumination  of  indicator  lights  noticeable  under  red  light? 

12.  Can  the  utility  outlet  covers  be  removed  and  replaced  easily  when 
wearing  arctic  mittens? 

13.  Other  deficiencies: 

0.  Steering  Wheel; 

1.  Is  the  height  of  the  steering  wheel  satisfactoiy  for  both  buttoned-up 
and  unbuttoned  driving? 

2.  Is  the  wheel  diameter  large  enough  to  make  precise  settings  and  to 
hold  settings  over  extended  periods  of  operation? 

3.  Is  the  angle  cf  the  steering  wheel  to  the  seat,  during  both  buttoned-up 
^d  unbuttoned  operation,  an  optimum  compromise  for  both  force  and  velocity  of 
wheel  t'urning? 

1;.  Is  there  adequate  clearance  between  the  seat  cushion  and  the  wheel 
(hiring  both  buttoned-up  and  unbuttoned  operation?  when  wearing  arctic  clothing 

5.  Is  the  sensitivity  of  the  wheel  sufficient  to  allow  fast  and  accxirate 
changes  in  position? 

6.  Is  the  distance  frcsn  the  seat  cushion  forward  to  the  center  of  the 
\dieel  optimum  for  comfortable  operation  by  all  drivers? 

7.  Do  smy  other  pieces  of  ecjulpment  interfere  with  operation  of  the  wheel? 

8.  Other  deficiencies: 

H.  Transmission  Shift  lever; 

1.  Is  the  lever  within  nomal  reach  distance  of  the  driver  during  both 
buttoned-up  and  unbuttoned  operation? 

2.  Is  lever  accessibility  or  operation  obstructed  by  other  piec®  of 
equipment  during  either  buttoned-up  or  unbuttoned  operation? 


3*  Are  all  lever  positions  clearly  labeled? 

li«  Can  the  lever  be  operated  easily  into  all  positions? 

5.  Is  the  lever  located  so  that  it  night  be  operated  accidentally  when 
perfomlng  other  duties? 

6.  Other  deficiencies: 

I.  Accelerator  Pedal  and  Brake  Pedal: 

1.  Is  the  pedal  located  at  a  ccmfortable  distance  and  angle  from  the 
seat  cushion  for  both  buttoned-vip  and  unbuttoned  operation? 

2.  Dees  any  other  equlpnent  obstruct  or  interfere  with  (deration  of  the 
pedal? 

3.  Could  other  equipment  be  operated  accidentally  if  foot  is  not  squarely 
on  the  pedal  or  if  the  foot  slipped? 

U*  Is  a  heel  rest  provided  on  the  pedal  to  help  anchor  the  foot  over  long 
periods  of  operation? 

5.  Is  too  much  force  required  to  operate  the  pedal  for  riiort  periods  of 
time? 

6.  Is  too  much  force  required  to  operate  the  pedal  over  long  periods? 

?•  Is  too  little  force  required  to  operate  the  pedal  so  that  vehicle 

movement  causes  changes  in  settings? 

8,  Is  the  pedal  large  enough  for  the  entire  foot  tc  rest  on  it  and  apply 
force  to  it? 

9.  Is  the  pedal  covered  with  a  ribbed  material  to  prevent  foot  slippage? 

10.  Does  any  of  the  accelerator  pedal  angle,  between  the  idling  position 
and  full  acceleration,  induce  ankle  strain  when  eperating  for  long  periods 
in  a  buttoned-up  or  unbuttoned  position? 

11.  Other  deficiencies: 

J .  Diagner  Switch  (Driving  Lights) : 

1.  Is  the  pedal  located  at  a  comfortable  distance  for  operation  in  both 
the  buttoned-up  and  unbuttoned  position? 

2.  Is  access  to  the  switch  obstructed  by  any  other  pieces  of  equipment? 

3.  Can  the  switch  be  easily  and  cr’dckly  located  during  operation? 

U.  Can  the  switch  be  operated  easily? 

5.  Other  deficiencies: 

K.  Hull  Drain  Valves  Control  Laver.  Throttle  Locking  Lever.  Fixed  Fire 

SetLa^sher  Control  iHandles.  FueT’SEut  'Off  Val^  Mmidie.  anSTlurret 
3eai  Manual  Pump:  — — — 

1.  Are  the  handles,  or  levers,  within  nozmal  reach  distance  of  the  driver? 

2.  Is  access  to  the  handle,  or  lever,  obstructed  by  other  pieces  of 
equipment? 

3.  Is  too  much  force  required  for  operation? 

U.  Is  the  handle,  or  lever,  located  where  it  might  be  operated  accidentally 
when  performing  other  duties? 

5.  Does  the  lever  remain  locked  in  placa  during  operation? 

6,  Other  deficiencies: 

L.  Purge  Pump  and  Manifold  Heaters  Starter  Button; 

1,  Is  the  handle  within  normal  reach  distance  of  the  driver? 
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2,  Is  access  to  the  handle  or  button  obstructed  by  other  pieces  of 
equ^ent? 

3*  Is  too  ntuch  force  required  for  operation  of  the  handle  or  button? 

U«  Is  the  handle  or  button  located  where  it  might  be  operated  accidentally 
when  performing  other  duties? 

5*  Is  too  little  force  required  to  operate  the  handle  or  button  so  either 
could  be  easily  operated  accidentally? 

6.  Other  deficiencies: 

M,  Turret  Seal  Pressure  Gage: 

1.  Is  the  angle  of  sight  to  the  gage  satisfactory? 

2.  Does  any  other  piece  of  equipment  obstruct  the  view  of  the  gage? 

3.  Is  the  gage  adequately  illuminated? 

U.  Are  dial  markings  legible  under  daylight,  white  light,  and  red  light? 

5.  Are  danger  points  on  the  dial  clearly  indicated? 

6.  Can  the  bleeder  valve  be  operated  accidentally  when  performing  other 
duties? 

7.  Other  deficiencies: 

N,  Auxiliary  Power  Receptacles: 

1*  Are  receptacles  easily  accessible? 

2,  Does  use  of  the  receptacles  interfere  with  the  performance  of  other 
duties? 

3«  Can  the  receptacle  cap  be  removed  and  replaced  easily?  when  wearing 
arctic  mittens? 

U*  Can  connections  be  made  easily?  when  wearing  arctic  mittens? 

$•  Other  deficiencies: 

O,  Headlamp  Stowage  Bracket: 

1.  Is  the  stowage  bracket  easily  accessible? 

2.  Can  the  lamps  be  removed  easily?  vhen  wearing  arctic  mittens? 

3*  Other  deficiencies: 

P,  POTie  Light: 

1.  Is  the  light  switch  within  nomal  reach  of  the  driver  during  buttoned- 
up  and  unbuttoned  operation? 

2.  Is  access  to  the  light  switch  obstructed  by  any  other  piece  of  equipment? 

3.  Are  switch  positions  clearly  labeled? 

U*  Is  the  light  located  so  it  illuminates  all  necessary  areas? 

5.  Is  illumination  of  any  area  obstructed  by  the  driver  or  by  other  pieces 
of  equipment? 

6.  Does  the  red  light  provide  enough  illumination  for  operation? 

7.  Does  the  red  light  reduce  dark  adaptation  of  the  driver? 

8.  Does  light  glare  on  any  panels  so  as  to  interfere  with  legibility 
of  markings? 

9.  Does  the  light  adversely  affect  vision  through  the  periscopes  either 
by  glare  or  by  providing  too  much  background  illumination? 

10,  Other  deficiencies: 
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Q.  PrlTOr^g  Hatch; 


1.  Can  the  hatch  contarol  be  operated  easily  hy  driver?  ^dien  wearing 
arctic  mittens? 

2.  Can  the  hatch  cover  be  moved  open  and  closed  easily? 

3.  Can  the  hatch  be  locked  open  securely? 

U,  Is  a  foot  stop  available  to  aid  In  oadt  through  the  hatch? 

5*  Does  any  other  piece  of  equipment  interfere  with  entry  or  exit 

through  the  hatch?  ^  . . 

6,  Is  the  hatch  large  enough  to  allow  exit  and  entry  when  wearing  aretic 

clothing? 

7*  Does  the  hatch  position  allow  direct  erft  without  twisting  and 
turning  body? 

8.  Other  deflclenciest 


R.  Driver ^s  Escape  Hatch: 

!•  Can  the  hatch  lever  be  operated  easily?  when  wearing  arctic  ndttens? 

2,  Can  the  hatch  be  removed  easily?  u  xu  v  ^  uo 

3*  Does  any  other  piece  of  equipment  interfere  with  exit  through  the  hatcnr 
U*  Is  the  hatch  large  enough  to  allow  exit  when  wearixig  arctic  clothing? 

5«  Other  deficiencies; 


la 


II 


LOADER *S  SECTION 


A*  Work  Space; 

1.  Is  there  sufficient  space  for  the  loader  to  perform  his  job  duties 
effectively? 

2.  Is  there  sufficient  space  for  the  loader  to  perform  his  job  duties 
effectively  when  wearing  arctic  clothing? 

3.  Are  there  any  projections  from  the  turret,  other  than  equipment,  that 
might  interfere  with  normal  operation  or  be  considered  a  safety  hazard? 

U.  Are  safety  devices  included  to  ensure  that  the  loader  is  not  within 
the  recoil  and  brass  ejection  path  of  the  main  armament  during  firing? 

5*  Are  there  any  noxious  fumes  during  operation  that  might  decrease 
performance? 

6.  Is  there  excessive  heat  or  dust  during  operation  that  might  decrease 
performance? 

7.  Is  space  provided  for  storing  canteens,  arctic  clothing,  etc.? 

8.  Other  deficiencies: 

B.  Loader *s  Seat: 


1.  Does  the  shape  and  size  of  the  seat  cushion  provide  comfortable 
support  for  the  body  for  extended  periods  of  operation? 

2.  Does  the  shape  and  size  of  the  backrest  provide  comfortable  support? 

3.  Can  the  height  of  the  seat  cushion  and  backrest  be  adjristed  to 
accommodate  all  loaders? 

U.  Do  the  adjusting  knobs  and  pins  secure  the  seat  under  maximum  e;q}ected 
shock  during  operation? 

5.  Other  deficiencies: 

C,  Breech  Operating  Handle; 

1.  Does  any  other  piece  of  equipment  interfere  with  access  to  or  operation 
of  the  handle? 

2.  Can  the  handle  be  operated  easily?  when  wearing  arctic  mittens? 

3.  Is  the  handle  located  where  it  is  liJcely  to  be  operated  accidentally 
while  performing  other  operations? 

U,  Does  operation  of  the  handle  place  the  loader  in  an  uxwafe  position? 

5.  Other  deficiencies: 

D,  Loader *s  Safety  Switch: 

1.  Does  any  other  piece  of  equipment  obstruct  the  accessibility  of  the 
switch? 

2.  Can  the  switch  be  operated  easily?  when  wearing  arctic  mittens? 

3.  Is  the  switch  located  vhere  it  could  be  operated  accidentally  while 
performing  other  operations? 

U.  Is  the  switch  located  so  that  the  loader  must  be  completely  out  of 
the  recoil  and  brass  ejection  path  of  the  main  armament  to  operate  it? 

5.  Other  deficiencies; 

E,  Turret  Traverse  Lock; 

1.  Does  any  other  piece  of  equipment  obstruct  access  to  or  interfere 
with  the  operation  of  the  lock  handle? 
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2.  Can  the  lock  handle  be  operated  easily?  when  wearing  arctic  mittens? 

3*  Does  the  lock  hold  securely? 

U«  Other  deficiencies: 

RglP3.enlBher  Cylinder  Indicator  Tape; 

1.  Does  any  other  piece  of  eqolFnent  interfere  with  the  view  of  or  access 
to  the  tape? 

2.  Is  the  tape  adequately  Illuminated? 

3.  Are  tape  markings  distinct  enough  to  be  easily  discrimlnable  tactually? 

U*  Other  deficiencies: 

Ventilating  Blower  and  Accessory  Outlet: 

1.  Does  any  other  piece  of  equipment  obstruct  the  accessibility  of  the 
switch? 

2.  Can  the  switch  be  operated  easily?  ^en  wearing  arctic  mittens? 

3*  Is  the  switch  located  where  it  could  be  operated  accidentally  while 
perfoming  other  operations? 

U*  Can  the  accessory  outlet  cover  be  removed  and  replaced  easily?  -vdien 
wearing  arctic  mittens? 

5.  Does  use  of  the  accessory  outlet  Interfere  with  the  performance  of 
other  duties? 

6*  Other  deficiencies: 

H.  7«62mm  Machine  Gun: 

1«  Are  adjusting  screws  readily  accessible? 

2«  Are  special  tools  required  to  adjust  the  screws: 

3*  Are  the  adjusting  screws  adequately  illuminated  for  performing  the 
adjustment  operation? 

U»  Is  the  portion  of  the  weapon  that  must  be  disassembled  for  boresighting 
easily  accessible? 

5*  Can  the  receiver  assembly  be  detached  and  removed  from  the  mounting 
block  assembly,  and  replaced,  easily  and  without  requiring  the  use  of  special 
tools? 

6.  Can  the  receiver  assembly  be  detached  and  moved  out  of  the  way,  and 
replaced,  by  one  man? 

7*  Is  the  barrel  of  the  gun  accessible  for  use  with  the  binocular  for 
boresighting? 

8.  Can  the  cartridge  case  bag  be  installed  and  removed  easily  by  one 
man  without  requiring  the  use  of  special  tools? 

9,  Can  the  charger  handle  be  pnxLled  to  the  rear  easily  with  one  hand? 

10.  Can  the  cover  be  opened  and  closed  easily  with  one  hand? 

11.  Is  the  safety  device  clearly  labeled? 

12.  Can  the  safety  device  be  moved  to  all  settings  easily  with  one  hand? 

13*  Is  the  safety  device  located  where  it  might  be  operated  accidentally 

while  performing  other  operations? 

Hi.  Gan  one  man  insert  the  cartridge  belt  and  position  the  first  round  in 
the  slot  of  the  feed  tray  easily  and  without  requiring  the  use  of  special  tools? 

15.  Is  the  electrical  firing  cable  from  the  gunner  control  box  long  enough 
for  easy  connection  to  the  solenoid? 

16.  Can  the  electrical  connecting  plugs  be  Joined  easily? 
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17*  Is  the  manual  trigger  readily  accessible? 

18.  Can  the  manual  trigger  be  easily  activated  vith  one  hand? 

19.  Is  the  manual  trigger  located  idiere  it  might  be  accidentally  operated 
idiile  performing  other  operations? 

20.  Can  all  (^orations  be  performed  iMle  veering  arctic  mittens? 

21.  OUier  deficiencies: 

I.  Ammunition  Racks: 

2  kre  all  racks  easily  accessible? 

2.  Does  the  location  of  any  rack  require  lifting  the  shell  into  an  avricv^d 
poslticm? 

3>  Is  ammunition  held  in  place  securely? 

U.  Can  ammunition  be  removed  from  the  rack  easily? 

Can  ammunition  be  released  from  the  rack  accidentally  vhile  performing 
other  operations? 

6.  Are  the  racks  located  so  that  ammunition  can  be  transferred  easily? 

7.  Other  deficiencies: 

J.  Loader <s  Escape  Hatch: 

1.  Can  the  hatch  control  be  operated  easily?  vhen  wearing  arctic  mittens? 

2.  Can  the  hatch  cover  be  moved  open  and  closed  easily? 

3.  Can  the  hatch  be  locked  open  securely? 

U.  Is  a  foot  step  available  to  aid  in  exit  through  the  hatch? 

Does  any  other  piece  of  equipment  interfere  with  entry  or  exit  through 
the  hatch? 

6.  Is  the  hatch  large  enough  to  allow  exit  and  entry  vhen  wearing  arctic 
clothing? 

7.  Does  the  hatch  position  allow  direct  exit  without  twisting  and  turning 
the  body? 

8.  Other  deficiencies: 
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m.  GDNNER^S  SECTION 


k.  Work  Space: 

1.  Is  there  sufficient  space  for  the  guxmer  to  perform  his  Job  duties 
effeotively  over  extended  pperatixig  periods? 

2.  Is  there  sufficient  space  for  the  gunner  to  perform  his  job  duties 
effectively  yhen  wearing  arctic  clothing? 

3*  Are  there  any  projections  from  the  turret,  other  than  equipment,  that 
might  interfeze  with  nozmal  operation  or  be  considered  a  safety  hazard? 

U*  Are  there  any  noxiaus  fumes  during  operation  that  might  decrease 
performance? 

5*  Is  there  excessive  dust  during  operation  that  might  decrease  perfoimance? 

6.  Is  qpace  provided  for  storing  canteens,  arctic  clothing,  etc.? 

7.  Other  deficiencies: 

B.  Gunner’s  Seat: 

1.  Does  the  ahiq>e  and  size  cf  the  seat  cushion  provide  comfortable  support 
for  the  body  for  extended  periods  of  ^ration? 

2.  Does  the  seat  cushion  absorb  moveijent  and  firing  shock? 

3.  Does  the  seat  cushion  absorb  engine  vibration  that  interfers  with 
visual  or  manual  operating  requirements? 

Does  the  shaqoe  azul  size  of  the  backrest  provide  comfortable  support? 

5.  Is  the  backrest  on  a  pivot  permitting  fitting  to  the  gunner’s  back 
as  he  changes  position? 

6.  Can  all  seat  and  backrest  adjustments  be  made  quickly  and  easily 
during  operation  and  without  requiring  the  use  of  special  tools? 

7.  Do  the  adjusting  knobs  and  pins  secure  the  seat  under  maximum  expected 
shook  during  operation? 

8.  Is  the  minimum  height  adjustment  of  the  seat  low  enough  to  permit 
nozmal  operation  of  all  job  duties  by  all  gunners? 

9.  Is  the  wft-rfymmi  height  of  the  seat  high  enough  to  pezmit  normal  operation 
of  all  job  duties  by  all  gunners? 

10.  Is  the  number  of  height  adjustments  for  the  seat  enough  to  accommodate 
all  guzuMrs  in  relation  to  vision  devices  and  operating  controls? 

11.  Is  the  range  of  adjustments  for  the  backrest  enough  to  provide  comfortable 
svqport  for  all  gunners? 

12.  Is  the  range  of  foze  and  aft  adjustments  of  the  seat  enough  to  allow 
all  gunners  comfortable  aooess  to  all  controls  axid  vision  devices? 

13*  Other  deficiencies: 

C.  Periscope  H31i  Infinity  Sight  MtilzC.  Gun  Ready  light: 

1.  Is  the  browpad  centered  perpendicular  to  the  center  cf  the  gunner’s 
seat? 

2.  Is  the  brow  pad  located  at  a  distance  from  the  gunner  that  allows 
viewing  without  requiring  him  to  lean  forward  over  a  distaixse  that  causes 
postural  strain  or  that  Interferes  with  other  activities  such  as  q)eration 
of  the  turret  traverse  and  gun  elevation  controls? 

3.  Can  tiie  brow  pad  be  adjusted  for  comfortable  viewing? 

U.  Does  the  brow  pad  absorb  engine  vibration? 


5*  Does  the  brow  pad  ■'’bsorb  vehicle  movement  and  firing  shock? 

6.  Dees  the  brow  pad  obe^'roct  access  to  other  instruments  or 
observation  of  other  di^lays? 

7.  Does  any  other  piece  of  equlpnent  interfere  with  viewing? 

8.  Is  the  range  of  diopter  settings  provided  great  enough  to  accono- 
date  all  gunners  (note  especially  those  gunners  who  normally  wear  glasses)? 

9.  Is  enough  eye  relief  provided  to  cempensate  for  turret  response 
during  firing? 

10.  Can  the  brightness  of  all  scales  shown  in  the  eyepiece  of  the  M31 
be  adjusted  over  a  sufficient  range? 

11.  Can  the  brightness  of  the  MUiC  reticle  be  adjusted  over  a  sufficient 
range? 

12.  Can  the  instrument  be  used  idien  wearing  the  tankers  helmet? 

13.  Does  glare  from  any  other  light  sources  interfere  with  viewing? 

m.  Do  any  other  pieces  of  equipment  obstruct  access  to  the  boresight 

knobs? 

15.  Is  illumination  of  the  boresight  knobs  adequate? 

16.  Can  the  boresight  knobs  be  operated  when  wearing  arctic  mittens? 

17.  Are  the  boresight  knob  calibrations  legible? 

18.  Are  the  boresight  knobs  located  where  they  are  likely  to  be  operated 
accidentally  while  performing  other  operations? 

19*  Are  locking  devices  provided  to  secure  the  position  of  the  bore¬ 
sight  knobs? 

20.  Is  the  gun  ready  light  located  where  it  is  visible  to  the  gunner 
without  requiring  him  to  move  his  head  fran  the  M31  periscope? 

21.  Does  illumination  of  the  gun  ready  light  interfere  with  vlsibillly 
through  the  M31  periscope? 

22.  Is  illumination  of  the  gun  ready  light  notioeafcle under  both  white 
light  and  red  light? 

23.  Other  deficiencies: 

D.  Telescope  M10$C: 

1.  Does  the  height  and  distance  of  the  telescope  from  the  gunner *s 
seat  allow  viewing  without  requiring  a  position  that  causes  postural  strain? 

2.  Is  the  telescope  located  so  as  to  allow  smooth  and  accurate  operation 
of  the  manual  and  power  elevation  and  traversing  controls  while  sighting? 

3.  Does  any  other  piece  of  equipment  interfere  with  access  to  the 
telescope? 

1:.  Is  the  shape  and  angle  cf  the  brow  pad  conslstant  with  the  head 
angle  required  during  viewing? 

5.  Does  the  brow  pad  absorb  engine  vibration? 

6.  Does  the  brow  pad  absorb  vehicle  movement  aiwl  firing  shock? 

7.  Is  the  range  of  diopter  settings  pz'ovided  great  enough  to  accommodate 
all  gunners  (note  especially  those  gunners  who  normally  wear  glasses)? 

8.  Is  enough  eye  relief  provided  to  compensate  for  turret  re^^jonse 
during  fi7lng? 

9.  Can  the  brightness  of  all  scales  shown  in  the  eyepiece  be  adjusted 
over  a  sufficient  range? 

10.  Can  the  instrument  be  used  when  wearing  the  taidcer^s  helmet? 

11.  Does  glare  from  any  other  light  sources  interfere  with  viewing? 

12.  Are  the  boresight  knobs  axwi  levers  easily  accessible? 

13.  Does  any  other  piece  of  equipment  obstruct  access  to  the  boresight 
knobs? 
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Hi*  Are  the  boreeight  knob  caHbrations  legible? 

2$,  Is  illTimination  of  the  boreslght  knobs  adecjoate? 

16*  Can  the  boresj^t  knobs  and  levers  be  operated  ^n  wearing 
arctic  nittens? 

17*  Do  the  looking  levers  secun  the  position  of  the  boreslght  knobs? 

IB*  Are  the  boreslght  knobs  located  where  they  are  likely  to  be  operated 
accidentally  while  perfcnnlng  other  operatinus? 

19*  Is  the  gun  ready  light  located  where  it  is  vlsibls  to  the  gunner 
without  requiring  Mn  to  nove  his  head  front  the  telescope? 

20*  Dom  illumination  of  the  gun  ready  light  interfere  with  visibility 
throui^  the  telescope? 

21*  Other  defloienciest 

E.  Asiimith  Indioatorj 


1*  Doee  the  angle  of  sight  to  the  indicator  allow  the  gunnsr  a  full 
view  of  the  dial  face  from  his  normal  seated  position? 

2*  Is  ^  indicator  within  normal  reach  distance  of  the  gunner? 

3*  Are  all  dial  markings  legible  from  the  gunner’s  seated  position? 

Do  any  pieoes  of  equipment  obstruct  the  gunner’s  view  of  the  dial? 

9*  le  the  dial  adequately  illuminated? 

6*  Can  the  dial  be  read  quickly? 

7*  Can  the  dial  be  read  accurately? 

8*  Are  dial  markings  legible  under  both  white  light  and  red  light? 

9*  Does  glare  from  any  other  light  sources  Interfere  with  dial  leading? 

10*  Can  the  resettar  knobs  be  depressed  easily?  'tdien  wearing  arctic 
mittens? 

11*  Can  the  resetter  knob  be  operated  quickly  and  accurately?  tdien 
wearing  arctic  mittens? 

12.  Other  deficiencies: 

F.  Ballletlos  Congmter  M13AID: 

1*  Does  the  angle  of  sight  to  the  face  of  the  panel  allow  the  gunner 
a  full  view  of  the  panel  from  his  normal  seated  portion? 

2.  Does  any  other  piece  of  equipment  obstruct  the  view  of  any  dials 
or  access  to  any  controls? 

3*  Does  any  ether  piece  of  equipment  interfere  with  the  operation 
of  any  controls? 

U*  Are  all  dblals  labeled  meaningfully? 

5,  Are  all  dials  adequately  illuminated? 

6.  Can  all  dials  be  read  quickly? 

7*  Can  all  dials  be  read  accurately? 

8*  Are  dial  markings  legible  under  both  white  light  and  red  light? 

9*  Are  any  dials  calibrated  more  or  less  accurately  than  necessary? 

10.  Does  glare  from  any  other  light  sources  interfere  with  dial  reading? 

11.  Is  illundiuition  of  the  indicator  pilot  light  notloaahLe  under  both 
white  light  and  red  light? 

12.  Are  all  controls  located  within  the  normal  reach  distance  of  the 
gunner? 

13.  Are  any  controls  located  where  they  are  likely  to  be  operated 
accidentally  while  performing  other  operations? 

Hi.  Is  enough  space  allowed  between  controls  so  that  controls  won’t  be 
operated  aocidenbally  when  reacliing  for,  or  operating  another  control?  when 
wearing  arctic  mittens? 
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I5.  Can  controls  be  operated  easily?  ^en  wearing  arctic  mltteius? 

1S»  Is  the  direction  of  control  movement  conq>atible  with  the  direction 
of  dial  movement? 

17 •  Other  deficiencies: 

G.  Elevation  Quadrant  M13: 

1.  Is  the  angle  of  sight  to  the  (juadrant  eati£tf^tory  when  the  gunner 
is  in  his  normal  seated  position? 

2.  Is  the  quadrant  within  normal  reach  distance  of  the  gunner? 

3*  Does  any  other  -piece  o£  equipment  interfere  with  viewing  or  adjusting 
the  quadrant? 

U.  Is  quadrant  illumination  adequate? 

Can  the  quadrant  be  read  quickly  and  accurately? 

6.  Are  quadrant  calibrations  legible? 

7*  Can  quadrant  calibration  be  read  under  both  vdiite  light  and  red  light? 

8.  Does  glare  from  other  light  sources  interfere  with  quadrant  reading? 

9*  Can  the  quadrant  knob  be  adjusted  easily  and  accurately?  idien  wearing 
arctic  mittens? 

10.  Other  deficiencies: 

Switch  Box  and  Emergency  Firing  Control  Box: 

1.  Are  controls  located  within  normal  reach  distance  of  the  gunmr? 

2.  Is  the  angle  of  sight  to  the  indicator  lights  satisfactory  when  the 
gunner  is  in  his  normal  seated  position? 

3*  Does  any  other  piece  of  equipment  obstruct  the  view  of  the  indicator 
lights  or  access  to  axy  controls? 

U.  Are  controls  located  >dierej  they  are  likely  to  be  operated  accidentally 
Hhlle  perfonning  other  operations? 

Is  enough  space  allowed  between  controls  so  that  controls  arenH 
operated  accidentally  >dien  reaching  for,  or  operating,  another  control?  when 
wearing  arctic  mittens? 

6.  Can  controls  be  operated  easily?  when  wearing  arctic  mittens? 

7.  Is  the  illumination  of  Indicator  lights  notioaeble  under  both  white 
light  and  red  light? 

8.  Are  controls  labeled  meanizigfully? 

9.  Are  control  labels  legible  under  both  white  light  and  red  light? 

10.  Other  deficiencies: 

I.  Gunner *s  Cont,rol  Assembly: 

1.  Is  the  assembly  located  to  allow  smooth,  fast  and  accurate  operation 
when  using  the  M31  periscope  or  the  M1Q5C  telescc^e? 

2.  Does  depression  of  the  firing  button  interfere  with  operation  of 
the  handle? 

3.  Can  the  handles  be  operated  independently  in  azimuth  and  elevation; 
that  is,  can  the  gunner  speedily  set  in  an  azimuth  change  without  also 
inadvertently  setting  in  some  change  in  elevation  and  vice  versa? 

11.  Is  the  assembly  sensitive  enough  to  allow  small  but  accurate  changes 
in  azimuth  and  elevation? 

Could  the  assembly  be  operated  effectively  when  the  gunner  is 
wearing  arctic  mittens? 
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6*  Other  deficit^ies: 

J«  Elevation  Hand  Pvnnp  and  Hand  Traveraing  Assembly: 

!•  Is  the  handle  located  to  allow  enooth,  fast  and  accurate  operation 
when  using  the  101  periscope  or  the  M105C  telescope? 

2,  Does  depression  of  the  firing  button  (or  looking  lever)  Interfere 
with  operation  of  the  handle? 

3«  Can  the  handle  be  operated  easily?  id»n  wearing  arctic  mittens? 

U.  Is  the  handle  sensitive  enough  to  allow  email  but  accurate  changes 
In  elevation  (or  azimuth)? 

$»  Does  any  other  piece  of  equipment  Interfere  with  operation  of  'tiie 
handle? 

6«  Is  the  direction  of  control  movement  compatible  with  the  direction 
of  turret  (or  gun)  movement? 

7*  Is  the  firing  button  located  ^re  It  Is  likely  to  be  depressed 
accidentally  while  performing  other  operations? 

8.  Other  deficiencies: 

K.  Accumulator  Pressure  Gage: 

1.  Is  the  angle  of  sight  to  the  gage  satisfactory? 

2.  Does  any  other  piece  of  equipment  obstruct  the  view  of  the  gage? 

3«  Is  the  gage  adequately  Illuminated? 

Are  dial  markings  legible  under  both  white  light  and  red  light? 

5*  Are  danger  points  on  the  dial  clearly  indicated? 

6.  Other  deficiencies: 

L,  Power  Pack  Oil  Level  Gage: 

!•  Is  the  gage  easily  accessible? 

2.  Can  the  gage  be  removed  easily?  when  wearing  arctic  mittens? 

3*  Are  gage  callbratlona  mepningful? 

U.  Are  gage  calibrations  legible? 

5*  Other  deficiencies: 
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IV, 


TANK  CCMMANCERtS  SECTION 


A.  Work  Space; 

1.  Is  there  sufficient  space  for  the  TO  to  perform  his  job  duties 
effectively  over  extended  operating  periods? 

2.  Is  there  sufficient  space  for  the  TO  to  perform  his  job  duties 
effectively  idien  wearing  arctic  clothing? 

3.  Are  there  any  projections  from  the  turret,  other  than  equipment, 
that  might  interfere  with  normal  operation  or  be  considered  a  s^ely  hazard? 

U.  Are  there  any  noxious  fumes  during  operation  that  might  decrease 
performance? 

5*  Is  there  excessive  dust  during  operation  that  might  decrease 
performance? 

6.  Are  s^ety  devices  included  to  ensure  that  the  TC  is  not  within  the 
recoil  and  brass  ejection  path  of  the  main  armament  during  firing? 

?•  Does  the  operation  of  any  piece  of  equipment  require  that  the  TC 
enter  the  recoil  and  brass  ejection  path  of  the  main  armament? 

8.  Is  space  provided  for  storing  canteens,  arctic  clothing,  etc.? 

9.  Other  deficiencies: 

B.  Commander *8  Seat: 

1.  Does  the  shape  and  size  of  the  seat  cushion  provide  comfortable 
support  for  the  body  for  extended  periods  of  operation? 

2.  Does  the  seat  cushion  absorb  movement  and  firing  shock? 

3.  Does  the  seat  cushion  absorb  engine  vibration  that  Interferes 
with  visual  or  manual  operating  requirements? 

Ii.  Does  the  shape  and  size  at  the  backrest  provide  comfortable  support? 

5.  Is  the  backrest  on  a  pivot  permitting  fitting  to  the  TC>s  back  as 
he  changes  position? 

6.  Can  all  seat  and  backrest  adjustments  be  made  quickly  and  easily 
during  operation  and  without  req>iiring  the  use  of  special  tools? 

7.  Do  the  adjusting  knobs  and  pins  secure  the  seat  under  maxlinum 
expected  shock  during  operation? 

6.  Is  the  minimum  height  adjustment  of  the  seat  low  enough  to  permit 
noniial  operation  of  all  job  duties  by  all  TOs? 

9.  Is  the  maximum  height  adjustment  cf  the  seat  high  enough  to  permit 
normal  seated  operation  by  all  T(7b  >dien  operating  in  an  unbuttoned  position? 

10.  Is  the  maximum  height  adjustment  of  the  seat  high  enough  to  permit 
normal  viewing  by  all  TOte  when  using  the  coninander*s  cupola? 

11.  Is  the  number  of  height  adjustments  for  the  seat  enough  to  accommodate 
all  TCs  in  relation  to  vision  devices  and  operating  controls? 

12.  Is  the  range  of  adjustments  for  the  backrest  enough  to  provide 
comfortable  support  for  all  KTs? 

13.  Is  the  range  of  fore  and  aft  adjustments  cf  the  seat  enough  to  allow 
all  TCs  cc(nfoi*table  access  to  all  controls  and  vision  devices? 

Hi,  Other  deficiencies: 

C.  Commander »s  Control  Handle: 

1,  Is  the  handle  located  to  allow  smooth,  fast  and  accurate  operation 
in  a  buttoned-up  and  unbuttoneo  .'osition? 
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2.  Is  the  handle  located  to  allow  emooth,  fast  and  accurate  operation 
idwn  vision  devices  ajre  used  conourrently? 

3.  Does  daporesslon  of  the  override  switch  interfere  with  operation 
of  the  handle? 

U.  Does  depression  of  the  firing  button  interfere  with  operation 
of  the  handle? 

5.  Can  the  handle  be  operated  independently  in  azimuth  and  elevation, 
that  is,  can  the  TC  speedily  set  in  an  azimuth  change  without  also  inadver> 
tently  setting  in  some  change  in  elevation  and  vice  versa? 

6*  Is  the  control  sensitive  enough  to  allow  oaall  but  accurate  changes 
in  azimuth  and  elevation? 

7*  Could  the  control  be  operated  effectively  when  the  TC  is  wearing 
arctic  mittens? 

8,  Other  deficiencies: 

D*  Rangefinder  M17C: 

1.  Is  the  brow  pad  centered  perpendicular  to  the  center  of  the  TS's  seat? 

2.  Is  the  brow  pad  located  at  a  distance  from  the  TC  that  allows  viewing 
without  requiring  him  to  lean  forward  over  a  distance  that  causes  postiural 
strain  durixig  long  operating  periods  or  that  interferes  with  other  activities 
such  as  operating  the  connander's  control  handle? 

3*  Can  the  brow  pad  be  adjusted  for  comfortable  viewing? 

U*  Does  the  brow  pad  absorb  engine  vibration? 

5*  Does  the  brow  pad  absorb  vehicle  movement  and  firing  shock? 

6.  Does  any  other  piece  of  equipment  interfere  with  viewing? 

7*  Is  the  range  of  diopter  settings  provided  great  enough  to  accomodate 
all  TCs  (note  especially  those  TCs  who  normally  wear  glasses;? 

8.  Is  enough  eye  relief  provided  to  compensate  for  turret  response 
during  firii:g? 

9.  Is  the  horizontal  and  vertical  field  of  view  acceptable  for  use 
during  aurvelUanoe? 

10.  Does  the  eyepleoe  provide  sufficient  visibility  for  quick  and 
accurate  ranging? 

U.  Can  the  brightness  of  all  scales  shown  in  the  eyepiece  be  adjusted 
over  a  sufficient  range? 

12.  Do  any  scales  shown  in  the  eyepiece  interfere  with  ranging? 

13*  Do  any  scales  shown  in  the  eyepiece  interfere  with  surveillance? 

111.  Can  the  instrument  be  used  when  wearing  the  tanker's  helmet? 

15.  Is  the  range  scale  adequately  Illuminated? 

16.  Can  the  range  scale  be  read  quickly  and  accurately? 

17.  Is  the  range  scale  legible  under  daylight,  white  light,  red  light? 

18.  Does  glare  from  any  other  light  sources  interfere  with  range  scale 
reading? 

19.  Are  all  rangefinder  controls  located  within  normal  reach  distance 
of  the  TC  with  relation  to  concurrent  activities? 

20.  Do  any  other  pieces  of  equipment  obstruct  access  to  any  controls? 

21.  Is  the  illumination  of  controls  adequate? 

22.  Are  control  functions  clearly  labeled? 

23.  Are  control  positions  clearly  labeled? 

2ii.  Is  all  labeling  visible  under  daylight,  white  light,  and  red  light? 

25.  /xe  any  controls  located  where  they  are  likely  to  be  operated 
accidentally  while  performing  other  operations? 
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26,  Is  enough  cfpace  allowed  between  controls  so  that  controls  aren't 
operated  accidentally  when  reaching  for,  or  operating,  another  control? 
iduin  wearing  arctic  mittens? 

27,  Can  all  controls  be  operated  quickly  and  accurately?  when  wearing 
arctic  mittens? 

26.  Is  the  sensitivity  of  all  controls  great  enough  for  the  degree  of 
adjustment  accuracy  required? 

29.  Can  control  locks  be  operated  quickly  and  easily?  when  wearing 
arctic  mittens? 

30.  Do  control  locks  hold  securely? 

31.  Can  control  and  j^are  lamp  covers  be  opened  and  closed  quickly 
and  easily?  when  wearing  arctic  mittens? 

32.  Other  deficiencies: 

E.  Commander's  Cupola; 

1.  Are  the  vision  blocks  located  at  a  distance  from  the  TC  that  allows 
full  viewing  without  requiring  any  change,  other  than  head  movement,  in  his 
normal  operating  position? 

2.  Do  any  pieces  of  equlpnent  Inside  the  oupola  interfere  with  direct 
viewing  through  the  vision  blocks? 

3*  Do  any  pieces  of  equipment  outside  the  oupola  obstruct  the  field 
of  view? 

U«  Is  the  horizontal  and  vertical  field  of  view  sufficient  for  buttoned- 
up  surveillance? 

5.  Is  the  horizontal  and  vertical  field  of  view  sufficient  >dien  aiding 
the  driver  during  buttoxMd-up  operation? 

6.  Do  any  lights  glare  on  the  inside  face  of  the  vision  blocks  thereby 
interfering  with  viewing? 

7.  Are  the  external  windows  of  the  visim  blocks  adequately  protected 
from  rain  and  accumulations  of  dust  or  mud? 

8.  Is  normal  observation  through  the  vision  blocks  possible  when 
wearing  the  tanker's  helmet? 

9.  Can  the  cupola  traversing  lock  handle  be  operated  quickly  and  easily? 
when  wearing  arctic  mittens? 

10.  Do  any  other  pieces  of  equipment  interfere  with  the  operation  of 
the  cupola  traversing  lock  handle? 

11.  Does  the  cupola  traverse  lock  hold  securely? 

12.  Are  the  elevating  and  traversing  cranks  located  in  an  optimum 
position  for  operation? 

13.  Can  the  elevating  and  traversing  cranks  be  operated  quickly  and 
easily?  when  wearing  arctic  mittens? 

m.  Are  the  elevating  and  traversing  cranks  sensitive  enough  to  allow 
small  but  accurate  changes  in  azimuth  and  elevation? 

15.  Can  safety  latches  and  lock  and  drag  handles  be  operated  quickly 
and  easily?  when  wearing  arctic  mittens? 

16.  Do  control  latches  and  locks  hold  securely? 

17.  Can  the  hatch  control  be  operated  easily?  when  wearing  arctic  mittens? 

18.  Can  the  hatch  cover  be  moved  open  and  closed  easily? 

19.  Can  the  hatch  be  locked  open  securely? 

20.  Is  a  foot  step  available  to  aid  in  exit  through  the  hatch? 

21.  Does  any  other  piece  of  equipment  intei'fere  with  entry  and  ejdt 
through  the  hatch? 
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22*  Is  the  hatch  large  enoo^  to  allow  entry  and  exit  when  wearing 
arotlo  clothing? 

23*  Does  the  batch  position  allow  direct  exit  without  twisting  or  turning 
the  body? 

2ii«  Are  hand  holds  available  to  help  steady  the  TC  when  operating  froi 
an  xmbuttoned  position? 

2$,  Other  deficiencies? 

F.  Searchlight  Switch: 

!•  Is  the  switch  located  within  z^ach  distance  of  the  TC  in  the  buttoned- 
up  and  unbuttoned  position? 

2.  Does  any  other  piece  of  equipment  obstruct  the  accessibility  of  the 
switch? 

3.  Is  the  switch  located  vdiere  it  could  be  operated  accidentally  while 
perfozrnlng  other  operations? 

Could  the  switch  be  operated  easily  and  accurately  when  wearing 
arctic  mittens? 

5*  Other  deficiencies: 


